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LECTURE 
(Æxtract fre 


Mr. Baiïllargé's lecture, on Wednesday evening } à 
last, before the Literary and Historical Society of ‘ve 
Quebec, proved once more how very interesting, even ty 
in a popular sense, an otherwise dry and abstruse sub- n,” 
ject, may become, when ably handled. à 

The lecture showed the relationship of geometry to by 
all the industries of life. He traced its origin from 3.” 
remote antiquity, its gradual developpment up to the pns 
present time. He showed how it is the basis of all : of 
our public works, and how we are indebted to it for Rre 
all the constructive arts ; its relationship to mecha- bre 
nics, hydraulics, optics, and all the physical sciences. 
The fairer portion of mankind, said Mr. B., have the 
keenest, most appreciative perception of its advan- 
tages and beauties, as evidenced in the ever-varying fre- 
combinations so cunningly devised in their designs |ool 
for needle tracery, laces and embroidery. He showed {Mr. 
its relationship to chemistry in crystallization and 
polarization ; to botany and zoology in the laws of |one 
morphology ; to theology, and so on. In treating of [618 
the circle and other conic sections, he drew quite a lool, 
poetical comparison between the engineer who traces {St. 
out his curves among the woods and waters of the |0n; 
earth, and the astronomer who sweeps out his mighty l'let- 
circuits amidst the starry forests of the heavens. The l|her, 
parabola was fully illastrated in its application to the 
throwing of projectiles of war, also as evidenced in 

jets of water, the speaking trumpet, the mirror and | Mr. 
the reflector, which, in light-houses, gathers the rays 
of light, as it were, into a bundle, and sends them off \ 
together on their errand of humanity. In treating of |mais 
the ellipse, this almost magic curve which is traced |s#1p6 
out in the heavens by every planet that revolves |l’une 
about the sun, by every satellite about its primary, 
he alluded to that most beautiful of all ovals—-the |rown 
face of lovely woman. He showed how the re-ap- 
pearance of a comet may now be predicted even tothe |your 
very day it heaves in sight, and though it has been |: the 
absent {or a century, and how in former ages, when |1gra- 
these phenomena were unpredicted, they burst upon 
the world in unexpected moments, carrying terror |* 
everywhere and giving rise to the utmost anxiety and |; also 
consternation, as if the end of all things were at hand. L 
In a word, Mr. Baïllargé went over the whole field of |iton, 
geometry and mensuration, both plane and sperical ; {'rtant 
a difficult feat within the limits of a single lecture ; |ibject 
and kept the audience, 80 to say, entranced with in- |àetry. 
terest for two whole hours, which the president, Dr. |” 
Anderson, remarked were to him as but one; and no |uttee, 
doubt it must have been 80 to others, since Mr. Wilkie, | shops 
in seconding the vote of thanks proposed by Capt. | ci at 
Ashe, alluded to the pleasure with which he had liste- |.ay be 
ned to the lecture as if, he said, it were like poetry to | timo- 
bim, instead of the unpromising matter foreshadowed 
in the title. Mr. Baïillargé next explained in detail suoi 
his stereometrical tableau, which we hope to see soon | in 

introduced into all the schools of this Dominion. He : 
showed how conducive it will be in shortening the 
time heretofore devoted to the study of solids and 
even to that of plane and convex superficies, spherical 
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PAPER IV. 


GEOMETRY, MENSURATION, 


AND THE 


STEREOMETRICAL TABLEAU. 


By CHARLES BAILLAIRGÉ, Esq., Civil Engineer, &o. 


, (Read before the Society, March 2oth, 1872.) 


No apology, I presume, need be offered for my selection of the 
subject of which I am about to treat ; for, though, at first sight, it 
may appear to be devoid of interest and practical utility, it is, on the 
contrary, fraught with paramount importance on account of its rela- 
tionship to almost all the industries of life. 


Geometry is the basis of our public works ; to its precepts we are 
indebted for all the constructive arts, our public edifices, our dwelling- 
houses, the fortifications of our cities, our ports, canals and roads, and 
the wondrous architecture of the many floating palaces and towers 
that thread our streams and rivers add plough the mighty seas. The 
geometer it is who measures and designs, in their true proportions, 
the diverse parts of states and territories, and who, by thus bringing 
together their several points, enables the eye to appreciate the con- 
sequences of their relative positions ; he it is who directs the use of 
our engines of war, and to his calculations are made subordinate the 
movements of armies. Geometry makes the astronomer and guides 
the navigator, and all sciences are allied to it. Itis the foundation 
of mechanics, hydraulics, and optics ; and all the physical sciences 
are constantly indebted to it. 


In a less elevated sphere, geometry teaches us to measure and 
design or represent our fields, our gardens, and domestic buildings ; 
it enables us to estimate and compare their products and expendi- 
ture ; it determines inaccessible heights and distances, guides the 
draughtsman’s hand, and presents an infinity of detached usages, of 
ten applicable in domestic economy. 
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The fairer portion of mankind have the keenest, most apprecia- 
tive perception of its advantages and beauties, as evidenced in the 
ever-varying combinations so cunningly devised in their designs for 
patch-work, laces, and embroidery, &c. 

Geometry measures extension, comparing portions of space with 
each other. Its elements are lines, surfaces, and volumes or s0lids. 
A portion of space, such as might be filled by a solid body is itself 
called in geometry a solid. The boundaries of this geometrical solid 
are called surfaces, which last may also be conceived as separating 
space from space as well as bounding it. They constitute a zero of 
solidity, but have a magnitude of their own, cal'ed superficies. It is 
sometimes suggestive and advantageous, in reasoning about solids 
and their mode of measurement, to consider them as made up of an 
infinite number of surfaces or superficies overlying one another like 
the leaves of a book. If a surface be limited in extent, the boundary 
on any side is à line, which has neither solidity nor superfcial area, 
having magnitude in length only. Surfaces or superficies may be 
conceived to be made up of an infinity of lines in juxta-position to 
to each other. If the line-is limited in extent, its extremities are 
points. À point, therefore, is a zero, not only in solidity and super- 
ficies, but in length also, having no magnitude or proportion, and 
retaining only order or position as the sole element of its existence. 
À line may be conceived as mnde up of an infinite series of points 
following each other in close contact or succession. In the position 
of points, the difference in direction of a first and second point from 
a third is called an angle. We have here all the elemental concep- 
tions of geometry, viz., a point, a line, a surface, a solid, an angle. 
From these definitions as data, a vast amount of geometrical science 
may be deduced by the laws of logic. 


The relation of geometry to other sciences is twofold, giving and 
receiving. To mechanics it gives the only possibility of understand- 
ing the laws of motion ; and from mechanics it receives the conception 
of moving points, lines, and surfaces, and thus generating lines, sur- 
faces, and solids. To chemistry it gives the only means of investi- 
gating crystallization, polarization, &c., and from chemistry receives 
new ideas concerning the symmetry of planes. It holds a like rela- 
tion to botany and zoology in the laws of form and morphology. In 
the study of the humain mind, geometry proposes the question of the 
foundations of belief, by giving the first examples of demonstration ; 
and from the inquiries thus aroused, geometry has received from age 
to age the new conceptions which have been the base of many new 
methods of investigation and proof. To theology geometry gives 
definite conceptions of the order and wisdom of the natural creation, 
and from theology has been stimulated to many fresh exertions in 
the investigation of these thcological questions. 
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The history of geometry is divided by Chasles, in his valuable 
‘6 Aperçu historique des méthodes en géométrie,” into five periods. The 
first is that of the Greek geometry, lasting about 1000 years, or till 
A.D. 550. Then, after a pause of 1000 years, the second period began 
in the revival of ancient geometry about 1550. A third period was 
marked in the beginning of the 17th century by Descartes’ co-ordi- 
nates and the analytical geometry, The fourth period was inaugu- 
rated in 1681 by the sublime invention of the differential cal- 
culus. The fifth era is marked in our own century by Monge’s 
‘6 Descriptive Geometry,” by which he developed the idea of reducing 


the problems of solid geometry to problemis in a plane. One beauti- . 


ful example of this branch of science may be found in linear perspec- 
tive, which simply projects the points of a solid upon a plane by 
straight lines of light from the eye. 


Since Chasles’ ‘“ Aperçu Historique” was published, a sixth period 
has been introduced by the publication of ‘“ Hamilton's Quaternions.” 


Greek geometry, it is said, began with Thales and Pythagoras, 
who obtained their first ideas from Egypt and from India. Diodorus, 
Herodotus and Strabo are of opinion that the science of mensuration 
had its rise among the Egyptians, whom they represent as constrained 
on- account of the removal or defacing of the land-marks by the 
annual inundation of the Nile, to devise some method of ascertaining 
the ancient bondaries, after the waters had subsided. Indecd, the 
science must have been nearly coeval with the existence of man, for 
we are told in Holy Writ that Cain built a city ; to do which, it is 
evident, would require some knowledge of a measuring unit, which is 
the first principle of mensuration. By the same infallible testimony 
we find that the arts and sciences were cultivated to a considerable 
extent long before the flood. Jubal was the father of all such as 
handled the harp and organ, and Tubal-Cain an instructor of every 
artificer in brass and iron. It is also more than probable that Noah 
was well acquainted with geometry as practised in his day, for it 
does not appear that he found any difficulty in building the ark. Be 
this as it may, it is well known that Egypt was for many ages the 
mother and nurse of the arts and sciences. From this country they 
were conveyed into Greece by Thales abont 600 ycars before the 
Christian era. Euclid, about 300 years before Christ, established a 
mathematical school at Alexandria, where Archimedes, Apollonius, 
Ptolemy, Theon, &e., received instruction from the ‘ prince of geo- 
meters. ” Itis, however, reasonable to suppose that before Euclid’s 
time there existed treatises on geometry, for Proelus afflirms that 
Euclid improved many things in the elements of Eudoxus and in 
those of Theatetus, and established, by the most firm and convineing 
demonstratious, such propositions as were but supertfieially explained. 
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The Pythagorean schoo! demonstrated the incommensurability 
of the diagonal of a square with its side, and investigated the five 
regular solids. They had some knowledge of triangles and circles, 
and were probably acquainted with the fact that the circle and sphere 
are the largest figures of the same perimeter and surface. About a 
century after Pythagoras, the great Plato and his disciples commenced 
a course of rapid and astonishing discoveries. The anceint analytic 
mode of geometrical reasoning consisted in assuming the truth of the 
theorem to be proved, and then shewing that this implied the truth 
of those propositions only which were already known to be true. In 
modern days, the algebraic method, since it allows the introduction 
of unknown quantities, has taken the name of analytic. Conic sec- 
tions embrace, as is well known, the study of the curves generated 
by intersecting a cone by a plane surface ; and most marvellous, 80 
to say, are somo of them. The circle, the most beantiful of all, we 
see exemplified in the thousand-and-one forms of every-day life. 
The ellipse, this almost magic curve, is traced out in the heavens by 
every planet that revovles about the sun. by every satellite about its 
primary. It has two centres or foci, the sun, or primary in one of 
them. It approaches in these cases nearly to a circle, or has little 
eccentricity, while, as in the case of comets, it is lengthened out 
almost indefinitely. It is produced whenever the intersecting plane 
cuts the cone in a direction oblique to its axis, the angle formed by 
this section and the cone’s base being at the same time less than that 
included between ‘the base and side. In imitation of the Divine 
Architect, man has made it subservient to his requirements ; we see 
it in the arches of all sizes that span our rivers and crown our struc- 
tures, great and emall. The artist applies it as a fitting frame to that 
most beautiful of ovals, the face of lovely woman. It has very pecu- 
liar properties : for instance, the sum of any two lines or radii drawn 
from its centres to any point in the circumference or perimeter of the 
figure, is a constant quantity ; and a ray of light or sound or heat 
throwm out or radiated from one of its foci towards the circumference, 
is reflected to the other focus. You have all heard of the whispering 
gallery in St. Pauls Cathedral : it is merely an elliptical space 
surrounded by walls, in which, when two persons stand in the oppo- 
site foci, and though comparatively far apart, they can talk to each 
other in the merest whisper, and without the least danger of being 
overheard by any other person within the gallery, We have, next, 
the hyperbola, a peculiar curve, in which not the sum is constant, 
but the difference of any two radii or lines drawn from the foci to a 
point in the curve. We obtain it in the cone when cut by a plane at 
an angle greater than that which the side makes with the base. It 
is, in 4& popular sense, 4 somewhat paradoxical figure, inasmuch as 
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though it be produced ever 80 far, and in so doing it approach more 
and more to two certain lines called its asymptotes, and though the 
lines be close by, yet can it never reach them, even though it should 
continue onward until the end oftime. It has not, in practice, the 
importance of the other conic sections, but has some uses, such as that 
of expressing or affording an illustration of the varying pressure of 
steam while working expansively within a cylinder or other vessel. 


Come we now to the parabola, a marvellous curve, indeed. How. 
singular that this figure, which every cone presents when cut by a 
plane parallel to its side, should be that in which certain comets visit 
our system—those that enter it but once, and leave it again, never 
more to return; for it is a curve which, like the hyperbola, but unlike 
the circle or ellipsis, returns not back upon itself, but of which the 
opposite sides or branches continually separate more and more, never 
to meet again. This is, indeed, a most fascinating curve. How very 
strange that it should happen to be the self-same figure which a stone 
describes when, thrown obliquely into space, it falls again ! An ac- 
quaintance with the theory of this most useful arc guides the gunner 
in throwing his balls and shells into the fortress of the enemy ; for, 
see you, such a curve as they describe when ascending into space, the 
self-same curve they make again while falling to their destination— 
the whole arc or curve a true parabola, and each portion thereof the 
exact half or counterpart of its fellow. Yet, have I not done telling 
you about this most interesting section. Every jet of water or other 
liquid issuing under pressure from the side of a reservoir or cistern, 
or from the pipe of a fire-engine, describes this curve ; and hence the 
distance of projection can be in advance calculated and ascertained. 
Bat it has still other applications, to wit : in the construction of the 
speaking-trumpet, where the mouth lies in the focus of the curve (for 
it will already bave been guessed from the description that it has but 
one), and the rays of sound striking upon the sides of the tube are 
projected forth together in a pencil or bundle, 80 to say, parallel to 
one another, and direct towards the object spoken to. See, again, 
this curved line in the mirror which collects the parallel rays of the 

sun, or other source of light or heat, and reflects them one and all 
from the surface to the centre or focus, wherein a light or fire may be 
thereby kindled ; and again, in the reflector which, in light-houses, 
gathers the diverging rays proceeding from the focus, and sends them 
off together on their errand of humanity. But I, too, am wandering, 
I find ; and though the curve return not upon itself, I must not further 
follow it in its erratic course. 

Within 150 years after Plato’s time, this study of the conic sections 
had been pushed by Appolonius and others to a degree which has 
scarcely been supassed by any subsequent geometer. 
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Geometrical loci are lines and surfaces defined by the fact that 
every point in the line or surface fulfils one and the same condition 
of position. Thus, the locus of a point equally removed from any 
two given points, is the perpendicular drawn from the ‘centre of the 
line joining these two points ; the locus of the vertices of all triangles 
having the same base and equal areas is a line parallel to the base ; 
the locus of the vertices of all triangles baving the same base, and 
the same ratio between their sides, is the cireumference of a circle 
having its centre in the base produced, and such as to cut itin the 
required ratio. The investigation of such loci has been, from Platos’ 
day to the present, one of the most fruitful of all sources of geometri- 
cal knowledge. Just before the time of Apollonius, Euclid introduced 
into Geometry a device of reasoning which was exceedingly useful in 
cases where neither synthesis —that is, direct proof nor the analytic 
mode is readily applicable, the reductio ad absurdum ; it conaists in 
assuming the contrary of your proposition to be true, and then 
shewing that this implies the truth of what is known to be false. 
Contemporary with Apollonius was Archimedes, who introduced into 
geometry the fruitful idea of exhaustion. By calculating inscribed and 
circumscribed polygons about a circle, and increasîng the number of 
aides until the difference between the external and internal polygons 
became exceedingly emall, Archimedes arrived at the first known 
ratio between the diameter and circumference of a cirele, which he 
found to be as 1 to 3}. Hipparchus, before Christ, and Ptolemy, after 
Christ, applied mathematics to astronomy. Vieta, the inventor of 
algebra, applied it to geometry. Kepler introduced the idea of the 
infinitesimal, thus perfecting the Archimedean exhaustion, and led to 
the solution of questions of maxima nnd minima. Meanwbile, New- 
ton’s Fluxions and Leibnitz’s Differential Calculus had come into use, 
and many fine discoveries were made in regard to curves in general ; 
and 80 fruitful the results, that, as is now well known by every one, the 
time of an eclipse of the sun may be calculated and foretold for years 
in advance, and that to the very minute-—nay, to within a second 
almost-—of its actual occurrence. Even the reappearance of a comet 
may be predicted to the very day it heaves in sight, and though it 
has been absent for a century. In former ages, when these pheno- 
mena were unpredicted, they burst upon the world in unexpected 
moments, carrying terror everywhere, and giving rise to the utmost 
anxiety and consternation, as if the end of all things were at hand. 


Although the elements of Euclid are the groundwork of every 
mathematical education, yet, many valuable rules are reduced from 
the higher branches of analysis, and which appear to have little or 
no dependence upon geometry. The differential analysis bas admitt- 
ed us to the knowledge of truths which would astanish mathematicians 
of former ages ; and to Newton.we are principally imdebted for dis- 
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eoveries which have greatly advanced the art of mensuration. Arti- 
ficers of all kinds are indebted to geometry and mensuration for the 
establishement of their various occupations ; and the perfection and 
consequent value of their labours depend entirely on the near 
approach they make to the standard of geometrical accuracy. All 
the great and ingenious-devices of mankind owe their origin to this 
sublime science. By its means the architect draws his plan and 
erect his edifice. When bridges are to be built over large streams, 
the most exact acquaintance with geometry is required. In the 
construction of ships, of every kind, geometrical knowledge is 
requisite ; and the sailor well knows the use of a good astrono- 
mer on board his vessel to guide it through the trackless ocean. 
The sublime science of astronomy is built upon geometrical know- 
ledge ; and the telescopic observer keeps up, as it were, a con- 
versation with the heavens. In short, all the elegancies of life, 
and most of its conveniences, owe their existence to the geome- 
trical art. The vegetable world abounds with productions shaped 
with more than human ceunning ; the beautiful tracery observable 
in the petals of some flowers is really astonishing, and the most 
exact proportion of the parts is always preserved. In the mi- 
neral world, a similar truth forces itself upon the imagination ; 
and wherever the eye of man has been allowed to penetrate, the same 
geometrical harmony is found among all the parts of created matter. 
And what is the foundation, the groundwork, upon which this science 
of geometry is built ? Why, 80 to say, on but one or two elementary 
propositions, which, if the truths implied of them did not exist, the 
whole science must fail. One of these fundamental theorems is, that 
in every plane triangle the sum of the angles is constant and equal 
to two right angles, or to 180 degrees, whereby, when any two of 
them are known, the third is found with the utmost facility ; and 
thus are we enabled to arrive at the distances which separate us from 
inaccessible objects, or which divide those objects from each other. 
Itis thus that the surveyor and engineer, by the help of a base-line 
of measured length, and the angles observed at each extremity 
thereof, can, by an easy geometrical construction, or by arithmetical 
calculation, arrive at the exact breadth of a river which it is intended 
to bridge. Thus, also, does the astronomer, by adopting a broader 
base, arrive at the diameter of the earth we inhabit, without the 
necessity of going round it. The earth, in its turn, is made the basis 
for computing the distance of the moon, the sun, and the planets ; 
and when, as in the case of the fixed stars, this basis fails,— when the 
astronomer at opposite ends of the earth, or with a base-line of some 
eight thousand miles in extent, fails to elicit any difference between 
the sum of the observed angles and two right angles, he bides his 
time, and, taking one of them on any convenient day, he takes the 
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second that day six months, when, with the earth in its yearly revo- 
lution about the sun, he shall have arrived at the opposite end of the 
earth’s orbit, and have thus secured a base-line of nearly 200,000,000 
of miles in extent—though, even 80, he is sorely tried, and has almost 
superhuman dificulties to éncounter in solving this great problem of 
the distance of the stars ; for, —will it be believed ?—s0 tremendous, 
80 inconceivable is this distance, that the third angle of the triangle 
—the one opposite to this immense base of 200 millions of miles — 
this third angle, I say, is but the fraction of a second, or of the S4th 
part of a degree. And yet, strange contradiction, so very small is 
this enormous distance of the nearest fixed star, and from which light, 
though it travels with the inconceivable velocity of 200,000 miles in 
every second of time, requires three years to reach us,—s0 small is it, 
in comparison with this boundless universe, that there are stars ten 
times—aye, 10,000 times—more remote, and further still, beyond the 
space penetrating powers of the most potent telescopes, such as that 
of Lord Rosse, which is not less than six feet in diameter, and more 
. than 60 feet in length. 


And if this property of the triangle did not exist—if the sum of 
the three angles were not a constant quantity,—then should we pro- 
bably have remained ignorant, and forever—not, perhaps, of the size 
of the earth itself, which may be girdled and submitted to direct 
measurement, but of the distances and sizes of all objects exterior to 
the earth or out of our immediate reach, and man deprived of one 
grand and:inexhaustible source of enjoyment. 


There is another property of triangles on which I must dwell for 
a moment : it is this, that when similar or equiangular, their homolo- 
gous or corresponding sides are proportional ; and from this property 
it occurs that in every right-angled triangle. the square of the hypo- 
thenuse is equal ts the sum of the squares upon the other two sides, 
These two propositions or theorems, together with the more impor- 
tant one alreädy alluded to, are at the foundation, so to say, of all 
geometrical science ; and all the other theorems and problems of 


geometry depend intimately upon these for their very existence or 
solution. 


Because the sides and altitudes of similar triangles are propor- 
tional, it follows that their areas are as the squares of any of their 
corresponding dimensions. That is, if the base of a triangle be 
double that of another, 80 is its altitude also double ; and as twice 
two are four, the area of the second is four-times that of the first ; or 
if the base of the one be three-times that of the other, 80 will its 
altitude, and the area 3-times 3, or 9-times that of the first. Hence, 
while the lineal dimensions increase as the natural numbers 1, 2, 3, 
&c., the superficies increase as the squares, 1, 4, 9, &c., thereof ; and 
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this affords à way of dividing any triangular figure or space into 
portions which shall be equal to each other, or bear to each other any 
required ratio. And what is true of similar triangles is also true of 
all other similar figures —that is, of such as are made up of, are capable 
of being divided into, an equal number of similar and similarliy 
situated triangles. Aguin, because every rectilineal figure may be 
divided into as many triangles as the figure has sides, less bytwo, and 
as the sum of the angles of each of the constituent triangles is equal 
to two right angles, therefore does it follow that the sum of the 
interior angles of any quadrilateral or four-sided figure is 4 right 
angles ; of any pentagon, the sum of the angles is equal to 6 right 
angles ; in an octagon, 12 right angles ; and 80 on. This important 
property enables the land-surveyor or engineer, after measuring the 
angles of any tract of land, to test the accuracy of his triangulation, 
and detect an error, if there be one, since the sum of all the angles, 
when taken together, and whatever fractions of a degree or minute 
they may severally contain, must, of necessity, make up an exact 
number, and that, an even number of right angles—?, 4, 6, 8, 10, or 
20, as the case may be,—but never 3, 5, 7, 9, or any other odd 
number. 

I have alluded to the circle as being the most beautiful of all 
figures, but have as yet said nothing of some very useful properties 
with which it is endowed. For instance, an angle at its centre is 
measured by the arc which it subtends ; this we all know, and that it 
should be 80 does not appear at all strange : it seems, on the contrary, 
that it should not be otherwise, and hence it suffices to define the 
thing, or to enunciate the proposition, to have it credited. But it is 
gingular that when the apex of the angle is in or on the circumference, 
such angle is but one-half —not less, not more—of the corresponding 
angle at the centre ; and ont of this arises the very curious and useful 
property that all angles in the same segment are equal to each other ; 
also, that every angle in a semi-circle is a right angle. Hence the 
possibility of drawing a tangent to a circle from any point without it ; 
hence, also, can à right angle be most easily and readily laid out by 
the draughtsman on his board or paper, or by the surveyor in the 
field. Hence, again, can the very pretty and useful problem be 
solved of finding a mean proportional or a geometrical mean between 
any two given lines, a graphic mode of extracting the square root of 
the product of any two given numbers, or of finding the side of a 
square equal in area to that of a given rectangle. But, in the same 
way as a geometric mean may be found between any two lines, 80 
can either of these last be determined when the other is known and 
the mean between it and its fellow ; and in this way is the engineer 
enabled to find the radius of a raïlroad curve, for these curves are 
usually of vast extent, and, unlike the circle on a board or sheet-of 
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paper, the centre cannot be seen nor found, nor can the radius be 
measured ; or if yon come across a portion of a stump, and have a 
curiosity to know the size of tree cut from it, draw any chord across 
it, bisect it, square its half, divide the product by the versed sine or 
height or breadth of the segment at its centre, and there will come 
the rest of the diameter. This is not all ; for on a scale 10,000 times 
more vast, or even millions, does the astronomor eompute, and al- 
most in the self-same way, from a knowledge of a minute portion of 
the arc or orbit, those tremendous circles, eccentric though they be, 
which satellites sweep out around their primaries planets around the 
sun. Yes, and as the engineer, without a center or a radius, can 
follow out his curved track among the woods and waters of the 
earth, also does the astronomer trace out his mighty circuits through 
the starry forests of the dark blue heavens. Aye, even is the erratic 
comet in this way followed up with eye intent upon its ever-varying 
direction among the stars, and from the minutest portion of its cir- 
cuit can the elliptic figure be computed which will enable the time 
of its periodic return to be predicted to a certainty ; and the same 
course of observation will also tell if the path among the planets be 
not elliptic, but rather parabolic, or that of some strange meteor 
which is appronching this world’s precints for the firat time, and will 
leave it, never to return —unless, to be sure, the path described 
should approach very nearly to the elliptic, and, as in political as- 
tronomy, the influence or attraction of some great planet s0 swerve 
it on its way, s0 alter its direction, as to bring about the phenomena 
of a transformation. 


I have just now said that the angle at the circumference of a 
circle is half the angle at the centre on the same arc, and this pro- 
perty can be turned to great account. In surveying the const of any 
country, with a view to laying down on charts and maps its shoals 
and breakers, the hydrographer takes his angles from points imme- 
diately over those of which the positions are to be ascertained to 
three or more points on shore, of which the distances apart are known. 
Now, were the angles just alluded to adjacent to any one of the 
measured distances, the solution of the problem would reduce to 
that of determining the third angle and other two sides of a triangle, 
of which two angles and a side were known. But the elements are 
not in contact; they are not adjacent: how, then, can they be 
brought together for the purposes of calculation ? Why, by this very 
beautiful property of the circle just enunciated — that an angle 
having its vertex in the circumference is equal to any other 
angle similarly situated and bearing upon the same arc, whereby, if 
a circle be described around three of the points concerned in the 
problem,—and, as we all know, a circle can be 80 described, —and 
if the two angles, taken from the hydrographical point under con- 


THE STERFOMETRICAL TABLEAU. 13 


sideration, are made to travel round the circle till the apex of 
each of them arrive at the opposite extremities of the base, the 
whole difficulty will have been made to disappe:ir, and the problem 
be reduced to that of solving a case in plane trigonometry. In 
this way did a former pupil of mine, Mr. R. Steckel, now of the 
Department of Public Works at Ottawa, solve, in a most ingenious 
ani simple minoer, the problem of the interpolation of a basc-liue, 
or of ftindiug the unknown portion, BC, of a straight line, A B C D, 
to which three angles had been taken from a fifth point, P, of which 
the position was to be ascertained. This solution is given at page 
251 of my treatise on Geometry, etc., published in 1866; and at 
pige 277 of the same work is x most in:senious solution of a rather 
difficult problem in the division of lands—that of a quadrilateral into 
equal or proportional areas, with sidss also proportional to those of 
the whole tigure. 

There are yet a few other properties of the circle which I must 
notice ere I take leave of the subject. Thus, two tangents drawn to 
a circle from any point without it, are equal, and tangent is perpen- 
dicular to that radius which is drawn to its point of contact; and 
from these circumstances’ and the fact already enunciated, that the 
sum of the three angles of any triangle is equal to two right anges, it 
becomes possible to calculate the diameter of the earth by merely ob- 
serving the angle of d‘pression of the horizon from the top of a moun- 
tain or other elevated situation, the height of which above the earth’s 
surface is known. À circle can always be described capable of con- 
taining a giveu angle on a given base; hence, for instance, if the 


height of the flag-ataff on the citadel be known, and the angle it sub- 


tends from the oppoate side of the river, together with the distance 
across, the height of th: citadel itself may be computed. The geome- 
trical solution or construction of this problem, as many others of 
practical utility, is given at pages 23 to 331 of my treatise. Out of 
the fact that an angle at the circumference is half of that at the 
centre, there arises also the condition that to inscribe a four-sided 
figure in a circle, its opposite angles, taken together, must be equal 
to two right angles; and because any two lines or chords which cut 
one another in a cirele have the parts of the one proportional to those 
of the other, the diameter or radius can be found of a circle of which 
a zone, or portion included between any two parallel chords, forms 
part. And, again, out of the circumi:tance that if two lines be drawn 
from any point without a circle to the opposite or concave side thereof 
these lines are reciprocally proportional to their segments situated 
without the circle, there arises one of the modes of sulving that -case 
of plane trigonometry wherein the three sides of a triangle are given 
to find the angles; and a tangent drawn from the same exterior point 
to the circle is à geometrical mean, ur a mean propuortional between 
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either of the aforementioned lines and its exterior part; whence there 
arises a mode of running «a railroad curve, for instance, through any 
two given points and tangent to the straight or curved portion of 
another road. 


How much more which I have not time to relate ?—and yet how 
strange, that of this the most regular of all figures, and which man 
bas mide subservient to so many purposes of practical utility, —this 
figure, which it is so verv easy to trace out, neither has the circum- 
ference nor the area yet been found. Archimedes, as I have already 
said, found an approximate ratio for the diameter to the circumference, 
that of 1to 3:; Metius, a ration of 113 to 355; and other mathema- 
ticians that of 1 to 3.141592, etc. In 1590, C'eulen, who lived in the 
time of Metius, extended the calculation to 36 decimals, which were 
engraven on his tomb. He arrived at this result by calculating the 
chords of successive arcs, each of which was the half of the preceding 
one ; the last arc in this case being the side of a polygon of 36,893, 
483,147,119,103,9233—nearly 37 billions of times 419 million of sides. 
The mode of calculation was thereafter greatly simplified by Snell, 
who, with the help of a polygon of only 5,242,880 sides, carried the 
approximation to 55 places of figures. The computation was during 
the last century continued by other mathematicians, who successively 
carried the number of figures to 75, 100, 128 and 140 decimals. 


Notwithstanding that Lambert, in 1761, and Legendre, in his 
elements of geometry, have proved that the ratio of the diameter of 
a circle to its cireumference cannot be expressed in numbers, the 
desire to satisfy those who still hoped to find this ratio led other ma- 
thematicians to continue adding to these figures. In 1816, 200 
decimals had been obtained, and 250 the following year. In 1851 the 
number was extended to 315; then to 350. Shanks carried it to 
527, and in 1853 to 607 places of decimals. When it became evident 
that the arithmetical expression for this ratio was out of the question, 
many person continued to hope for some geometrical solution to the 
far-famed problem: but it is generally recognized at present that 
this method is impracticable ; and it must be admitted that there has 
resulted but trifling advantage, if any, from the enormous time and 
trouble devoted to this famous proposition. The French Academy 
of Sciences, in 1775, and, soon after, the Royal Society of London, 
with the view of discouraging auch futile and fruitless researches, 
refused to take further notice of any communication relating to the 
quadrature of the circle, the trisection of an angle, the duplication of 
the cube, or perpetual motion. An approximation of 600 figures, or 
even less, is equivalent to perfect and absolute accuracy ; for, let it 
be remarked : it suflices to take in 17 decimals only to avoid an error 
of the thousandth part of an inch on the six hundred millions of 
miles which constitute the length of the orbit of the earth around the 


THE STEREOMETRICAL TABLEAU. 15 


sun. Ten decimals will afford the circumference of the earth to 
within an inch, and 13 decimals, to within the thousandth part of an 
inch, or less than a hair's breadth; and, at any rate, the fgires 
already found more than suffice for the purpose of determining with 
absolute accuracy not only the dimensions and distances of the pla- 
nets, but also of the most distant stars or nebulæ that man can dis- 
cover with the help of. the most powerful and space-penetrating 
telescopes, or of those which he might discover with optical instru- 
ments 10,000 times more powerful than those which he already 
possesses. 


Alluding, again, to the celebrated problem of the trisection of an 
angle, I must once more take occasion to protest, thus publicly, as I 
have already done, though without result, at page 330 of my trentise 
of 1866, not against the pretended and ridiculous solution of this pro- 
blem by a certain Mr. Thorpe, of Ottawa, after, as he saya,—poor 
man !-—devoting 34 years of hie life to its discovery, but against thp 
governement of Canada—the Patent-office—for eanctioning the pre- 
tended solution by the issue of Letters-Patent corroborative of the 
same, and thus setting the opinions of the government officials 
before those numerous savants of Europe and other conntries, who 
bave, and had long before that time, declared the geometrical solution 
of this problem to be impossible —though there are, of course, as with 
the circle, modes of approximating to the true solution to within 
limits as narrow as any that can be assigned. 


A few more remarks on some properties of certain plane figures, 
and, Ï shall have done with this portion of my subject. 


In parallelograms (I need not remind you what they are; their 
etymology is suggestive enough of that), Mr. Steckel shewed that 
each of the complements about the diameter is a mean proportional 
between the component parallelograms about the same, a property 
which I fortunately conceived the idea of applyring (sce page 190 of 
my trentise) to the solution of a problem of frequent occurrence in 
the division of lands by a straight line running throngh a given point. 
This problem was previously a matter of some difficulty whether 
algebraically or geometrically considered (see page 519 to 522 of 
‘ Gillespie’s Land-surveying,” where the formula runs over three 
lines of type). 

Tbe regular hexagon or six-sided polygon is the only figure, ex- 
clusaive of the square and equilateral triangle which will fit together 
without leaving a space between, as does the octagon, for instance — 
a fact which may be seen exemplified in paper-hangings, in the 
patterns of oil-cloths, and in marble and mosaic tilings. Now, the 
very bee knows its geometry so well, that it builds its cells in hexa- 
gons. The square or triangle would have fulfilled the condition of 
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leaving no interstice, no loss of space between the cells ; but neither 
would have been 80 well adapted to the almost circular shape of the 


 insect’s body as is the hexagon. My young friends will, of course, 


suggest that the cireular instead of the hexagonal would have been 
even a better shape for the bee to dwell or movein. Granted ; but 
circle, like octagons and other figures, will not fit each other without 
loss of space ; and there is another, and, no doubt, much more im- 
portant consideration to the bee : it is that with the hexagon each 
component wall or partition answers for two adjoining cells, whereas 
with the circle or cylinder a whole one would have been required for 
each tiny animal, and the necessary quantity of wax thereby nearly 
doubled. 


There is, there has long been, a tendency towards generalization 
in the exact and other sciences, and with more reason now than ever. 
Two thousand years ago, when Euclid lived, steam and electricity 
were unknown; pneumatics, optics and chemistry were not practised ; 
photography was not dreamed of. In those days, one could afford to 
devote years to the sole study of mathematics. We cannot do 80 now : 
life is too short, and there are too many things to learn. Imbued it 
was with this idea that I wrote my treatise of 1866. Nobody, appa- 
rently, had dared before me to lay his sacrilegious hands upon the 
venerable teachings of the prince and patriarch of geometer; neither 
have I done 80; but what I have done (and that I was not far wrong 
in acting 80, will, I think, be admitted) has been to reduce, by more 
than one-half, the separate and demonstrable propositions of the 
Greek geometer, while retaining the whole of his conclusions. 


The fifth book I have eliminated altogether. I have removed it 
from the elements, and given all its teachings in my ‘ principles, ” 
making axioms of some and corollaries of others of Euclid's proposi- 
tions; for, I hold that to conceive and admit the truth of an axiom, 
there takes place within the mind a certain process of reasoning, 
however short it be. For instance, equal ratios are equal quantities, 
and quantities which are equal to the same or to equal quantities 
are equal to each other. It, therefore, follows, as a mere corollary 
of this axiom, that ‘* Ratios which are equal to the same or to equal 
ratios are equal to one another ; ” hence, I do not see the necessity 
of making this a demonstrable proposition. Again have I made an 
axiom of proposition F of Playfair's Euclid, and justifiably 80, Ï 
take it; for quantities which are made up of the same or of equal 
quantities are equal to one another; and since ratios are quantities 
—numerical ones—therefore are ‘ratios which are composed or 
made up of the same or equal ratios equal to each other.” Of Euclid’s 
2nd and 3rd propositions, book I., I have made postulates. Of his 
2%nd I have made my 1st, and thence deduced his 1st, as a simple 
consequence thereof. Why, for instance, make a theorem of the 
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enunciation that two lines parallel to a 3rd are parallel to one another, 
or that two triangles similar to a third are similar to one another ?— 
for, what constitutes this parallelism of the lines, this similarity of 
the triangles, but equality of distance in the first and equality of 
angular space in the second ?—hence have I made of the former a 
corollary to my definition of parallel lines, and of the latter a corol- 
lary to my definition of similar figures. Of Euclid’s 35th and 36th of 
the 1st book I have made but one proposition; for Euclid himself, 
who in his 4th and 8th of the same book places his figures the one 
upon the other to prove their equality, might in the same way have 
superposed the equal bases of his parallelograms, 80 as then to consi- 
der them as one and the same base, which would have allowed him 
to make of the second proposition a mere corollary of the first. 
Again, with Euclid’s two next propositions of the same book, his 37th 
and 33th, and after his own assertion in his axioms that “things 
which are halves or doubles of the same thing, or of cqual things, are 
equal,” why did he not reduce theuwn to mere corollaries of his 33rd and 
Sith? Ihave in the second book added a lemma, which shews how 
important a proposition is the fifth of that book, and how fruitfu! in 
results. Ï cannot but agree with Clairault in saying that if Euclid 
considered it necessary to demonstrate such x self-evident propo- 
sition as that a line joining two points in the circumference lies en- 
tirely within the circle, it must be because he had to answer and 
confute the objections of obstinate sophists who made it a point to 
refuse their assent to the most evident truths ; for as well might it be 
attempted to be proven that the diagonal of a square lies within and 
not without the figure, or that the centre of a circle is within it. 
Wbat difference is there between finding the centre of a cirele or of 
a portion only of its circumference ? And again, what difference 
between circumscribing a circle about à triangle and making one 
pass through three given points ? Why, then, did Euclid or his com- 
mentators make of these problems as many different propositions, 
when they really constitute but one and the same operation ? A 
different solution of Euclid’s 33rd of the 3rd book allows of reducing 
its three several cases to one ; and 80 of his 35th and 36th of the Ramo 
book. Simila processes have been followed ont by me in reducing in 
number the demonstrable propositions of the 4th book ; and in the 
Sth, which, as already stated, I have put among the principles, the 
substitution for ‘ magnitude ” of the word “ quantity, ” with its 
signification defined, to comprise numerical as well as other quantities, 
has allowed of my reasoning on numbers, and giving, as I have done, 
the mode of arriving at the numerical and practical solution of the 
many problems propounded in my work. In Eueclid's sixth, why 
should 14 and 15 be separate theorems, in view of axiom two, which 
sets forth that what is true of the whole is true of the half? These 
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citations will suffice to give an idea of the process of reduction and 
goneralization followed out by me in the geometry of lines and 
surfaces ; and in the same way have I modified the ordinary demon- 
strations of solid geometry, and of plane and spherical trigonometry. 
Nor is my treatise less strictly logical in all its teachings than that of 
Euclid, every proposition depending for its demonstration or solution 
on those that came before, and in no way on those that follow. 


MENSURATION. 


AREAS. 


Every triangle, it is evident, is the half, the exact half, of its 
corresponding parallelogram. Now, the parallelogram is, in area, 
equal to the rectangle of the same base and altitude ; for, if the 
oblique or triangular portion be cut from one end and added to the 
other, the figure becomes a rectangle ; and as the area of a rectangle 
is equal to the product of the number of units in its base and altitude, 
it follows that the area of any triangle is equal to half the product of 
its length and breadth. This, then, may be adopted as an element 
into which all plane figures can be divided, and their component 
areas made up separately and put together. In the case of the regu- 
lar polygons, the computation of their areas becomes simplified, as 
they can be divided from the centre into as many equal triangles as 
there are sides. The area of the trapezium is half the product of its 
altitude into the sum of its parallel sides. 


À sector of à circle is nothing but a triangle of equal altitude 
throughout, or having a circular base, every point of which is equi- 
distant from the apex ; and its area is, therefore, equal to the half- 
product of its base and altitude ; for its arched base may be conceivede 
to be divided into à number of parts, such that each of them shall be 
without sensible error, a straight line, and hence the rule ; for it is 
. evidently the same thing to compute separately and take the sum of 
the component triangles of the sector, or to add together their conti- 
guous bases and multiply, once for all, by the altitude or radius. 
Again, the whole circle is but made up of contiguous sectors or 
triangles, whence it follows that the area of any circle is equal to the 
balf-product of its circumference and radius. Next, we have to con- 
sider among plane figures the segment of a cirele, or that which is 
included between a chord and its corresponding arc ; and this is 
evidently equal to the area of the sector, less the area of the triangle 
formed by the chord and radii. Now, the lune, a figure like the new 
moon, and hence its name, formed of two non-concentric arcs of the 
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same or different radii : the area of this figure is the difference of its 
two component segments, 80 that a mere repetition of the process just 
described will measure its superficies. The zone or portion of a circle 
between two parallel chords can also be conceived as the difference 
between two segments, or as made up of a trapezium and two seg- 
ments, and its area found accordingly. Concentric and eccentric 
rings are, of course, equal in area to the difference of their component 
circles. Of the ellipse, the area is equal to the product of its diame- 
ters into decimal .7854 ; for it is found, in the manner hereinabove 
set forth, that of a circle whose diameter is one, the area is .7854 : in 
other words, the area of the circle is about 784 per cent of its circum- 
scribing square, s0 that this area is more quickly arrived at by 
squaring the diameter and reducing the result in the required ratio ; 
and the ellipse being analogous to the cirele, its area is found in a 
corresponding manner. The area of the parabola, I may add, is just 
+ of its circumscribing rectangle. 


There is a more general mode of arriving at the areas of all plane 
figures; it is by dividing them into a number of trapeziums by a 
series of equidistant parallel lines or ordinates, and of multiplying 
the common breadth or distance between the lines by the sum or 
combined length of all of them except the first and last, of which 
one-half only must be taken; and this applies to every imaginable 
figure, in which, the closer the ordinates, the more accurate, of course, 
the area. There are some few figures bounded by curvilineal lines, 
of which it is, nevertheless, easy to compute the areas; for instance, 
where a convex portion thereof is compensated by a corresponding 
concavity, as in the developped surfaces of intersecting vaults or 
arched ceilings, or, on a smaller scale, the developed area of the 
elbow of a pipe of cylinder of any kind. Finally, there is a mode of 
measuring the surfaces of very irregularly-outlined figures by a 8ys- 
tem of compensating lines which are drawn s0 as to include such 
portions of the superficial space outside the figure as may make up 
for, or be equivalent to, the portions left without the lines. 


SOLIDS. 


The measurement of solids comprises that of their surfaces as 
well as that of their volumes or solidities. Solids may be classified 
as prisms and prismoids, cylinders and cylindroids, pyramids, cones 
and conoids, spindles, spheres and spheroids. Prisms are solids which 
have two equal and parallel ends or bases, and of which all the other 
faces are parallelograms ; so that the prism is equal in diameter or 
breadth throughout its whole extent, and different in this respect 
from the pyramid or prismoid of which the sides incline or taper 





20 GEOMETRY, MENSURATION, AND 


towards one end of the figure. A prism may have a triangle for its 
base or any other figure, and is called, after the nature of such base, 
triangular, quadrangular, pentagonal, and so forth. The cylinder is 
nothing but a prism having a cireular base or polygon of an intinite 
number of sides. Among prisms, the parallelopipedon is that of 
which the opposite faces are parallel, as the name implies, as in the 
cube; in consequence of which, any side or face of this or similar 
solids may be assumed as the base. We all known what a paramid 
is, and 80 of a cone, which is only a pyramid with a cireular base. À 
conoid is a species of cone rounded off at the top like a pear, or like 
the ice-cone at the Montmorency Falls. It may be conceived to be 
generated or traced out in space by the revolution of a paraboh, or 
other like figure, about its axis; and it goes by the name of the gene- 
rating curve, as parabolic, hyperbolie conoïid. The frustum of à 
pyramid, cone, or conoid, is that portion of the solid which remains 
after the apex has been removed ; and it is said to be contained bet- 
ween parallel bases when the cutting plane is parallel to that on 
which the solid stands. All these solids may be right or inclined ; 
and if 80, they require to be s0 designated, as a right pentagonal 
prism, an inclined octagonal pyramid, an oblique cone or conoid. 
The spindle, as its popular name implies, is a well-known form, being 
cireular in its cross-section, and tapering from its centre towards the 
ends: it may be generated in space by the revolution of an arc of a 
circle, or of an ellipse, or by a parabola or hypecrbola, around à line 
which is called the axis of the spindle, and, like the conoïd, derives 
its distinctive name from that of the generating eurve, as a cireular 


spindle, an clliptie, parabolic or hyperbolic spindle, —not that the . 


spindle itself, as a whole, is a very important solid, but that its 
middle frustum is the geometrical representation of almost every 
form of cask, the world over. The sphere, that most beautiful of all 
solid forms, and which, as I have already stated, contains within 
itself more space or volume than any other figure of equal superficies ; 
the spheroid or flattencd sphere, the figure of this earth of ours, and 
of the moon, and sun, and planets, which, one and all, are flattened 
at the poles and protuberant at the equator ; and, finally, the prolate, 
or elongated spheroid, make up the varied classes or families of solids, 
or space-enclosing figures, with their frustums, segments, ungulas or 
hoofs, and other sections which the limits of a lecture will not allow 
me more fully to define. 


THE STEREREOMETRICAL TABLEAU. 


I come now to the more immediate object of this lecture, that 
which has been, perhaps, to some extent, instrumental in procuring 
for me the houour of au invitation by the Literary and Historical 
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Society of Quebec to read a paper within the classic precincts of its 
bistoric halls ;: and may I hope I shall have treated the subject in a 
way to warrant the courtesy and be of some interest to the very 
pumerous and highly appreciative audience, the élite, the aristocracy, 
80 to say, of the educated or well-read portion of the community, 
which has on this evening honored me with its attendance and kind 
and flattering attention. I allude, of course, to the Sfercometrical 
" Tableau which you see here before you, and of which it behoves me 
to say something, even at the risk of appearing partial to myself. 
This Tableau, or board, which is made up of some 200 models, each 
of which can be removed and replaced at pleasure, and put into the 
hands of the pupil for examination, comprises almost all the elemen- 
tary forms which it is possible to conceive. Among them, those 
which I have just now enumerated, as prisms and prismoids, cylin- 
ders and cylindroids, both righ and oblique, and the frusta and 
ungulae of these bodies; pyramids, cones and conoids, right and 
oblique with their frusta and angulae or hoofs; the sphere, with its 
subdivisions into hemisphere, quarter, half-quarter or tri-rectangular 
pyramid, segments, zones, frusta and ungulae, and many other sec- 
tions of this solid; the prolate and oblate spheroid, with their many 
sections and subdivisions; spindles and their sections, including 
models of casks of all varieties; the five regular polyhedrons or 80- 
called platonic bodies, though known before the time of Plato: there 
are also a host of other varied forms, such as convex and concave 
cones and other solids, and frusta and angulae of the same; concen- 
tric and eccentric rings, and a certain number of compound figures, 
made uy of, or capable of being subdivided into, the elementary solids 
just enumerated. 


My object in the preparation of this Tableau has been to genera- 
lize and make easy and popular the study of solid forms, and the 
mode of measuring their surfaces and their so:idities or volumes. 
The lateral faces or sides and the opposite or parallel bases or ends 
- of these solids afford all the plane figures, from the triangle, square, 
and polygon, to the circle, ellipse, and parabola, etc., with their com- 
ponent sectors, segments, zones, and lunes. Of these you have 
already learned to estimate the superficies. The models also afford 
examples of convex superficies, inclusive of the spherical triangle and 
polygon, the spherical zone and lune and segment, and of all the 
component parts thereof. The mode of arriving at the areas of these 
is to assimilate them to plane figures by a division of the concave or 
convex surface by equidistant ordinates drawn from the extremity of 
the fixed axis of the solid, or that around which the generating curve 
is supposed to have rotated in sweeping out the solid. The distance 
betwecn the ordinates, each of which, from the description just given, 
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is, of course, a circle or portion of a circle, is made 80 small as to 
allow of the intervening arc being considered a straigh line or there- 
abouts. The figures thus traced out upon the solid under conside- 
ration are either continuous zones or portions thereof, and are to be 
considered as trapeziums—the first continuous, the others not 80, or 
only partly 80. Now, to get the area of a trapezium, which, as 
already defined, is a plane figure with two parallel sides, —and these 
last may, of course, be circular or curved as well as straight,—the 
half-sum of süch sides is multiplied into the perpendicular distance 
between them, or the height or breadth of the figure ; and the same 
rule applied to the curved area to be computed is stated thus: to the 
half-sum of the lengths of the end ordinates—that is, of the first and 
last—add the sum of all the other ordinates or arcs and circles, and 
multiply the whole by the distance between the ordinates or by the 
breadth of the component zone. The combined length of the circles 
or circumfcrences is easily obtainable from a multiplication of the 
sum of their diameters by 3}, or, more correctly, 3.1416. This rule, 
as applied by me (page 669 of my geometry) to a hemisphere of 263 
units in diameter, and with only four ordinates or five segments or 
zones, brings out the result within less than one per cent of the 
truth; while with nine ordinates, the result is erroncous to the extent 
of only the sixth part of one per cent; and with 19 ordinates, or 20 
sections, the 4; of one per cent, or within 5,45 0f the true content. 
Not that I'insist, however, on this mode of measurement for convex 
or concave superficies, where there are other rules which, as in the 
case of the perfect sphere or spheroïid, or segments of those bodies, 
bring out their curved areas exact; but the great and manifest 
advantage of this general system is, that its accuracy is independent 
of the shape of the body to be measured; while, if the rule for a 
sphere, for instance, were applied to a body not strictly spherical, 
the result might prove erroneous to a far greater extent than if arri- 
ved at by the system of equidistant ordinates,—to say nothing of the 
great advantage to the practical measurer of having to store his me- 
mory with but one general rule applicable to all cases, and this rule 
the same as that for plane figures, whereby the whole range of areas 
or superficies, whether plane or convex, becomes submitted to one 
and the same formula, to wit: a subdivision by equidistant parallel 
lines into figures, every one of which is a trapezium—whether conti- 
nuous or non-continuous, it matters not. It now remains to compute 
the volumes or cubical contents of the solids of the Tableau, and, as 
already stated, they comprise all known elementary forms; and here 
it is that I lay special claim to the introduction of a system of mensu- 
ration which is not approximately accurate as applied to the great 
majority of geumetrical forms, but of which the absolute accuracy is 
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proved and undoubted. The rule is simply wat it purports to be, 
as printed at the head of the tableau, i.e. : ‘To the sum of the parallel 
end areas add four-times the middle area, and multiply the whole by 
+ part of the height or length of the solid.” The word “ parallel ” is 
introduced as à reminder that the opposite ends or bases must be 
contained between parallel planes, or, if not 80 originally, that they 
must be made 80 by subdivision or decomposition of the solid into its 
constituent elements. The whole difficulty is, therefore, reduced, bv 
my system, to measuring the areas of the opposite bases and middle 
section, the remainder of the work being a mere multiplication; so 
that the proposed formula renders this branch of study of such easy 
and general application that the art or scienee may now be taught in 
a few lessons where it formerly required months, or even years. 
Take up, for instance, the segment of a conoid or spheroid cut off 
by a plane inclined in any way to the axis of the solid, a figure such 
as would be presented by the space occupied by any liquid or fluid 
substance in a vessel of this shape when inclined to the horizon ; 
look at the preliminary labour required by the old rules of finding 
out the axis or diameters of the entire solid of which the segment 
under consideration forms a part, and these factors are necessary as 
elements in the computation. My system dispenses with all this, and 
the solid, whatever it may be, is taken hold of and submitted to 
direct measurement, without in any way inquiring about the size or 
form of body of which it is a section. But for another reason is this 
study excluded from general education, because, with ordinary rules, 
the higher calculus is often indispensable ; and as even when it has 
been taught and learnt, it is as soon forgotten, therefore can these 
ordinary rules be of little or no use to the practical mensurer, even 
when supplied with all the necessary books and data for working 
out his problems. 


It may be objected that, for the prism and cylinder, for instance, 
the ordinary rule is even more simple than the prismoidal one. Of 
course it is ; but it flows of itself directly and immediately from the 
formula. Take up a prism : I have defined it to be of equal breadth 
throughout ; then is its middle section, or any other, when made 
parallel to the base’or end, equal in area to such base ; and the argu- 
ment occurs that srx-times this area into one-sixth the altitude reduces 
to the more simple enunciation of once the area into the whole alti- 
tude. Again, in the case of the pyramid or cone, the half-way diameter 
or breadth is just one-half of what it is at the base; and as the half of 
one-balf, or the product of à x #, is +, therefore is the half-way area 
a quarter of that at the base. The pupil who has already learnt this, 
sees it at a glance, or recalls it to his memory, and reasons thus : 
four-times the middle area is equal to the base ; and twice the base 
(for the upper area here is zero) into } the altitude is identical with 
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the ordinary rule of once the base into + the altitude. or 4 the product 
of the base and altitude. There is one more case in which the old or 
ordinary rule is apparently more simple than the general formula ; 
it is when whe have to do with a paraboloïd, of which the volume is 
just one-half of its corresponding cylinder. 


But here we have done with the comparative advantages of the 
old rules, and in all other cases the formula is exceedingly more 
simple. Take, for instance, the frustum of a pyramid ; and, first of 
all, how know you that it is one, except by measuring its upper and 
under edges, and comparing their respective lengths to find out— 
which you must do—that due proportionality exists between them ; 
else is the body not the frustum of a pyramid, and, therefore, not 
subject to the rule ? But, granted even that it is the figure you do 
take it for, see you the trouble of getting a mean proportional between 
the areas of its opposite bases, which includes a lengthy multiplica- 
tion of those areas and a laborious extraction of the square root of the 
product, which very few persons know how to work out ? How 
much more simple to arrive at the arithmetical mean of the opposite 
diameters and the middle area therefrom ?—and if the figure be the 
frustum of a cone, the three diameters are squared, the square of the 
middle one taken four-times, and the whole multiplied together, that 
is, their sum, by decimal ‘7854, and the result by + the altitude of the 
frustum ; and as this calculation has to be repeated every day, in all 
parts of the world, in computing the contents of tubs and vats of all 
imaginable sorts and sizes, the saving in time and trouble is certainly 
most worthy of consideration. 


But suppose this prism or cylinder, this pyramid or cone, this 
conoid, or this frustum, to be not truly such a figure; let it differ but 
ever 80 slightly from what it should be to enable it to be submitted 
to ordinary rules,—then, if such rules be made use of in computing 
its contents, adieu to all accuracy, since the very element by which 
the body differs from its geometrical prototype—that is, its interme- 
diate diameter—is not taken the least notice of; whilé the prismoidal 
formula, on the contrary, takes in this ever-varying element, this 
balf-way breadth between the top and bottom in &tub or vat, between 
the bung and head, as in a cask, and gives a result, in 90 cases out of 
100, more true than any other system where this important and indis- 
peusable element of variation is not attended to. With regard to 
the sphere or spheroiïd, each of its opposite bases is a zero of superfi- 
cies, as a plane can touch either of them only in one point, and the 
sum of the areas in this case is four-times the middle area. And how 
correct this is you shall directly see, for, by ordinary rules you are 
taught to multiply the convex area of the sphere by #& of the radius; 
but this convex area is precisely equal to four-times the middle 
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section, or to four great circles of the sphere, and À the radius is the 
same thing as } the diameter or altitude, —so that here again, you 
see, as in the case of the prism or cylinder, the pyramid or cone, the 
proof direct of the accuracy of the rule. Now, take up a hemisphere : 
the half-way area is easily shewn to be just % of that at the base ; 
and as four-times # are three, and 3 and 1 are four, four great circles 
into 4 the altitade of the half-sphere gives, of course, half the solidity 
just obtained, or that of the hemisphere under consideration. The 
same is true of the flattened or of the elongated sphere or spheroid 
and ellipsoid, and of the half thereof, and whether the cutting plane 
or base be perpendicular or not to either axis of the solid ; and the 
areas which enter as elements into the computation of the cubical 
contents are always ellipses, and, what is more, they are similar or 
proportional ellipses ; s0 that, from knowing any one of thc diameters 
of the middle section, the area can be directly found by a rule-of- 
three, since, as already shewn, the areas of similar figures are pro- 
portional to the squares of any of their corresponding dimensions. 
The exactitude of the formula, as applied to any other segment or 
zone of a sphere, is fully demonstrated at paragraph 1529 of my 
Mensuration ; its very near approach to truth, in the case of spindles 
or their frusta, at paragraphs 1531 and 1574 ; and its absolute accura- 
cy in the case of any segment of a spheroid, the right or inclined 
paraboloid, or hyperboloid, at paragraphs 1560 to 1567 of my work. 


Now, there may be some curiosity to know how the idea occurred 
to me of treating every solid as a prismoid by this one and undeviat- 
ing formula ; itis this: taking up the ordinary prismoid, I find its 
definition to read thus :-——‘ Any solid having for its opposite bases 
t parallel rectangles ; and, by extension, any solid having for its 
parallel bases plane figures with parallel sides. ” Now, please 
observe that the only condition expressed or implied in this definition 
of a prismoid is the parallelism of the sides, and nothing more. Such 
parallelism does not exclude the proportionality of the sides ; there- 
fore is the frustum of a pyramid, to me, a prismoid ; and this is what 
no one before me, that I am aware of, at least, appears to have con- 
ceived ; for in no treatise have I ever seen the prismoidal formula 
applied to the frustum of a pyramid or cone. Look, again, at the 
rectangular prismoid, and as no ratio of the aides is implied, let the 
ratio be infinite ; or, in other words, let one of the parallel sides 
approach towards the other until they meet and form a siugle line, 
or edge, or arris ; and then have we the wedge, which is, therefore, 
another prismoid. Again, let this edge, or line, or arris, become 
shorter, and still shorter, until it dwindles to a point; and then have 
we a pyramid, which is also à prismoid, to all intents and purposes. 
And since a line or edge may become a mere point, 80, conversely, 
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may a point become a line, whereby a prismoid, originally square or 
rectangular, may have one or both of its opposite bases modified into 
an almost infinite variety of similar or dissimilar figures, as I have 
shewn at pages 718 to 718 of my treatise; and the more general 
enunciation is thereafter arrived at, that a prismoid may have for its 

parallel bases any two figures, whether equal or unequal, similar or 
dissimilar ; any figure and a line parallel to the plane thereof, as in 
the wedge ; any figure and a point, as in the cone and pyramid; 
any two lines not parallel, but situated in parallel planes. Other 
definitions may be given more concise than this, more technical and 
scientific, as that ‘the prismoid is swept out in space by the revolu- 
tion of a straight line around two parallel planes of any form what- 
ever, and irrespective of the relative velocities of the two extremities 
of the generating line ;” but the former gives the best idea of the 
form of solid, as it defines the figure of its ends or bases. 


The Tableau you will find upon inspection to offer a variety of 
forms; for instance, one base a square, the other also a square of 
greater or less size, but turned diagonally as regards the other, the 
middle base an octagon. Again have we prismoids or cylindroids of 
which one base is a circle, the other an ellipse, or two ellipses of 
equal or of different size, the longer diameter ofthe one corresponding 
to the shorter diameter of the other, and other forms may be con- 
ceived in almost endless variety ; and of all, without exception, the 
formula gives the true cubical contents, each of the models exhibiting 
at a glance, by means of the pencil-line to be seen upon it, the 
nature and dimensions of the middle section. À word in relation to 
the regular polyhedrons which are also among the models on the 
board. Of these bodies there are but five, strange enough to say ; 
and yet, the conclusion is immediate and inevitable, for it takes at 
least three planes to make a solid angle ; and as the sum of these 
plane angles must be less than 360 © , or four right angles, as other- 
wise the solid angle would then cease to exist and become a plane 
surface, it suffices to examine which are the regular polygons, whose 
angles, taken in threes and fours and fives, etc., make up an angle 
less than four right angles. The equilateral triangle can be put 
together in 3’s and 48 and 5s, which affords the tetrahedron, and 
icosahedron. It cannot be taken in sixes, as six-times 60 © —360 ; 
and therefore can we have no other regular solid with its faces 
equilateral triangles than the three just enumerated. The right 
angle can be taken in 38 only: two would not enclose a space, and 
four would form a plane; hence is the perfect cube the only solid 
that can be formed with square faces. Lastly, the pentagon, of 
which the angle is 108©, supplies the dodecahedron, or 1?-sided 
figure, the sum of its three plane angles being 34°. The regular 
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hexagon cannot be made to answer, as its angle is 120© , and three 
of them would make up four right angles, as you see they do when 
looking at their exquisite arrangement in the beehive, or the not less 
beautiful symmetry displayed in the nest of the common wasp. 4 
fortiori, then, can heptagongs or any other polygon not be used to 
build these solids with ; and hence, again, as just stated, can there 
be but five, and only five, of these platonic forms. As to their mode 
of measurement, the cube or hexahedron is a mere prism, the tetra- 
hedron a mere pyramid, the octahedron two pyramids base to base, 
and the two last, the 12 and ?20-sided figures, made up of as many 
pyramids, having their common apex in the centre of the solid or of 
its imaginary circumscribing sphere, whereby will the compütation 
of one of these component pyramids afford the volume of the 
whole. 


As to the measurement of compound figure like the frastum of 
a cone or pyramid, or of any other body, between bases that are not 
parallel, the solid is resolved or decomposed by a section parallel to 
the base and passing through the lowermost edge of the frustum’s 
upper base into two portions, one of which is a frustum proper, the 
other a hoof, or ungula, or pyramid, or some other figure, as the case 
may be. The common buoy is thus resolved into a cone and segment 
of a sphere ; a gun or mortar, the frustum of a cone or cylinder, with 
a hemisphere or segment of a spheroid ; the Turkish or Moorish 
dome, or pinnacle, or spire, the middle frustum of & sphere or 
spheroïd, surmounted by a: hollow or concave cone, and 80 on. If 
a spherical cone beproposed, it is evident that it can be conceived 
and treated under two aspects—first, as a cone proper, with the ad- 
‘ dition of a segment of that sphere of which the cone forms part; or 
(and this applies to any spherical pyramid, or frustum of such 
pyramid or shell, or hollow sphere, or any portion of a shell,) to the 
sam of its end-areas, spherical though they be, add four-times the 
parallel and middle area, and their sum into À the altitude will be 
the true content. Of course, I need hardly remark that in dealing 
with a hollow sphere or shell, the content is more quickly arrived at 
by applying the formula direct to and taking the difference of the 
inner and outer or component spheres. 


I have said that the formula applies exactly and demonstrably to 
the great majority of solids. From this it is, of course, inferred that 
there are some exceptions, as in the case of hoofs, ungulas and spin- 
dies, but in the same way as the cask or middle frustum of a spindle 
is measured to within almost perfect accuracy—say to within the 
quarter or 7} Or À of one per cent, or a half-pint on a hogshead (see 
pages 707, 708, and 709 of my treatise), by working upon its half, or 
by taking the bung diameter as that of one of its ends or bases, and 
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for the middle area that which is at its quarter, or half-way between 
the head and bung,—in the same way, I say, as this is done, 80, in 
the hoof and ungula of any solid may almost absolute accuracy be 
attained by a subdivision of the body into parallel slices, two or 
three of them generally suflicing, or four or five when the minutest 
accuracy is insisted on, just as we approach nearer and more near to 
the circumference of any circle of which the diameter is known, by 
taking in more decimäls. And in the same manner may hollow or 
concave cones or cylinders, or if they be convex or swollen out, or 
other bodies be decomposed and measured, which are not true geome- 
trical figures, and thus the one, and only one, most simple formula 
maintfined, made use of, and applied in every conceivable case, 
without the necessity of learning or remembering any other. The 
subdivisions, the decomposing planes of section, may be made equi- 
distant, and the grand result thus arrived at, that one universal rule, 
one formula, will measure all solids and all surfaces; for, though I 
have not yet alluded to the fact, it is demonstrable—moreover, it is 
shbewn-that when plane figures, surfaces, are cut up by equidistant 
ordinates, their areas, the area of each of them is equal to the sum of 
its bases and four-times the middle base or section into À the altitude 
of the figure. Now, if any solid be divided by a series of equidistant 
planes, and any surface by a similar series of equidistant lines into 
portions of equal altitude, and if intermediary or half-way sections 
be conceived in either case, we get the universal formula that their 
contents, solid or superficial, as the case may be, are equal to the 
sum of the extreme bases, together with twicegthe sum of all the 
other end-bases, and four-times the sum of all the half-way sections 
into } the common altitude ; the bases and sections being, of course, 
superficial or linear, according as the figure is a space-enclosing one, 
or a mere surface, plane or curved though it be. I have already 
alluded to the tendency towards generalization in almost everything : 
in physics and in chemistry are all phenomena submitted, 80 to say, 
to some general, some universal law or rule. The mechanical powers 
inay be said to constitute but one, and are, at any rate, similar in 
this, subjected to the law, that what they give in power they consume 
in time or space. The one measuring unit, the metre, is forcing its 
way throughout the world, and in its wake must follow one unit for 
all surfaces, one for all capacities. So are coin and currency beco- 
ming simplified. Complete the scheme, and to the sameness and 
identity of the unit add one general mode of computation ; then will 
not only the unification of the currency be brought about, as proposed 
in France, and the project most ably abetted in this Dominion by 
our fellow-countryman, R. S. M. Bouchette, Esq., but it shall be the 
more universal scheme, the one grand unification and generalization 
of all science, one universal language, whereby nations may commune 
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converse with one another, —some day, one religion, one shepherd, 
and one flock,—the millenium, indeed. But do you see the immense 
advantages of this generalization ? See you its untold consequences ? 
Look at the time now necessarily devoted to the mere reduction and 
translation of all these ever-varying rules and-units; they fill a thou- 
sand volumes, while the time and trouble devoted to their compila- 
‘tion might be 80 much more profitably employed, now-a-days, in the 
study of new sciences and new arts conducive to the greater happi- 
ness and welfare of mankind. 


Now that we have, 80 to say, glanced at all the figures on the 
4 Tableau, ” with their more or less regularity of outline, their plane 
and curved surfaces, the question still arises: ‘“ How are irregular 
bodies of al kinds to be measured, such as statuary, bronzes, carving, 
and the like?” And that this lecture, 80 far as the limits of a lecture 
will allow, may be complete in itself, and go over the whole groumi 
foreshadowed in its title, it behoves me, in a few words, to suppl: 
the necessary information. It is very simple, and, in fact, more so, 
to arrive at the exact cubical contents of a very irregulur body than 
of one of more exact form; for, with the latter an attempt is always 
made at direct measurement, while with the former a mechanical 
process is followed, which solves the problem in à manner most cxpe- 
ditious and most satisfactory. Take up a statue or other carved 
figure, or the capital of an Ionic or Corinthian column, a square or 
cylindrical vessel capable of containing it. Pour water into this ve<- 
sel until it reach to above the top of the object to be measured, and 
mark the height at which the water stands; then remove the object, 
and again note how high the water stands, when the difference will 


‘immediately afford the volume sought. If the substance of the body 


or of the containing vessel be of an absorbent ‘nature, use sand or 
some like substance instead of water. There are still other modes ot 
arriving at correct conclusions. The specifie gravity of any body is 
its weight compared with that of water. Suppose, then, that tables 
have been prepared wherein the ratio of weight of every substance is 
given to its equivalent of water, or its absolute weight without regal 
to the equivalent: take up from off the publie highway a shapeless 
stone, and weigh it; compare its weight by rule-of-three with that 
of a cubic foot, or inch, or yard of the same substance, and hence do 
you arrive directly at its cubical contents. Conversely, if the weight 
be required of some object which cannot be submitted to direct com- 
putation by putting in a balance, but if its volume can be arrived at, 
then also can its weight be ascertained by a simple rule of proportion. 

Now, let it be required to find the component quantities of some 
compound body or amalgam. For instance, you have a mixture of 
copper and zinc fused together and solidified into one compact body, 
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without a trace of either of the constituents; the weight of each of 
the respective metals can be submitted to direct calculation, the fac- 
tors or elements entering into the required formula being merely the 
specific weight as well of the compound as of the ingredients of which 
it is made up. And s0 of a mass of quartz and gold; and though 
little or none of the precious metal may be visible to the eye, the 
weight of the latter can be arrived at with comparative facility. We 
are told that Hiero, King of Syracuse, gave to some clever artificer a 
quantity of gold wherewith to fabricate a crown; but suspecting, 
when the crown was finished, that the jeweller had purloïined a por- 
tion of the gold and subatituted silver in its stead, he submitted the 
questiÿn to Archimedes to propound. Specific gravities were not 
then known; but our philosopher, while in his bath, it seems, was 
cogitating how he might best solve the proposition prepounded by 
the King, when, noticing the difference in weight of his own body 
when immersed in water to what it was in air, he conceived the 
happy idea of submitting the crown to a like process of computation, 
and, after weighing the crown itself in water, and then pure gold and 
silver, found, by an easy calculation, that, as the King had rightly 
guessed, the crown was in reality made up of gold and silver instead 
of gold alone. So glad was our philosopher of the discovered he had 
made, that he ran through the streets of the city, crying: “ Eureka ! 
Eureka!” TI have found it; I have found it. ” 


Referring, again, to the ‘ Tableau.” the word Sfereometrical would 
seem to imply that it is intended only or altogether for purposes of 
mensuration. Such, however, is not the case, as it will immediately 
be evident that is must also be of great utility in acquiring or im- 
parting a knowledge of the nomenclature of solid forms, an ac- 
quaintanceship with their varied shapes and figures, which, without 
such help, would require a previous familiarity with the principles 
and teachings of drawing and perspective. To the architect, the 
engineer, and the builder, the models are suggestive of the forms 
and relative proportions of blocks of buildings, roofs, domes, piers, 
and quays; cisterns, reservoirs, and cauldrons ; vats, casks, and other 
vessels of capacity ; earthworks of all kinds, comprising raiïlroad and 
other cuttings and embankments ; the shaft of the Greek or Roman 
colamn ; square and waney timber and saw-logs ; the camping-tent ; 
the square or splayed opening of a door or window, or niche or 
loophole in a wall; the quarter of a sphere or spheroid, the half- 
segment, the vault or arched ceiling of the apsis of a church or hall ; 
the whole sphere or spheroïd, the billiard or the cannon ball ; or, on 
à larger scale, the earth, moon, sun, and planets. The models must 
also prove of great help in teaching perspective drawing and the 
geometrical projection of solids on a plane ; also, their shades and 
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the ehadows thy project. Again, the art of geometrical development 
of surfaces is thereby much facilitated. There is also the polar 
triangle, and other lines necessary for the study of spherical trigono- 
metry. | . 

Wbhether my attempt to reduce to one simple and uniform system 
the present multifold and complex rules for tinding the contents of 
solide, or the capacity of space-enclosing areas, shall prove successful, 
time alone can tell; for, though it has the merit of being new, it 
also has the disadvantages of novelty, as Mr. Scott-Russel] said of 
the ingenious screw-propeller invented some years ago by Com- 
mander Ashe, ex-president of this Sotiety. The scientific world, as 
well as the political, has its conservatives. We have not yet well 
learnt the advantages of decimal arithmetic; nor has the tiresome 
computation of pounds, shillings and pence been yet abandoned for 
the more expeditious dollar, where the mere shifting of a point works 
wonders. It takes much time to work out such a revolution —a ge- 
neration, 80 to say; but that I ghall not have to wait 80 long for an 
interpreter Ï coufidently hope, judging at least from the many 
flattering testimonials I have already reccived in relation to the 
multiplied advantages of my invention or discovery. 

The Council of Public Instruction, at its last general meeting, 
appointed a committee, composed of the Lord Bishop of Quebec 
Bishop Langevin, of Rimouski—himself a thorough master of the 
art,_—and Bishop Larocque, of St. Hyacinthe, to report upon the 
subject ; and who, I take it, after having submitted to them the very 
favourable opinions of so many of our best mathematicians, and of | 
other competent judges, such as D. Wilkie, R. $S. M. Bouchette, the 
professors of the Laval University, High School, Morrin College, and 
other educational establishments of Canada elsewhere, can hardly 
fail to recommend the introduction of the “ Tubleau” into all the 
schools of this Dominion. 


I have but received a letter from the Minister of Education of 
New Brunswick, asking me to send a ‘ Tableau,” with the view, says 
he, of introducing it into all the echools of that Province. Not, 
however, that I in any way intend to confine myself to Canada. On 
the contrary, I bave already patented the ‘ Tubleau ” in the United 
States, where I hope, of course, to introduce it ; and Mr. Vannier, 
in writing to me from France on the 10th of January last, to advise 
me of the granting of my letters-patent for that country, adds that 
MM. Humbert and Noé, the president and secretary of the Society 
for the Generalization of Education in France, have intimated their 
intention, at their next general meeting, of having some mark of 
distinction conferred on me for the benefits which my system is 
likely to confer on education. 
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The Honble. Mr. Chauveau, Minister of Education, and otherwise 
well qualified to judge, will make it his duty, so says his letter on 
the subject, to recommend its adoption in all educational establish- 
ments and in every school, so confident is he of its practical utility : 
‘Se fera un devoir d’en recommander l'adoption dans toutes les 
‘ maisons d'éducation et dans toutes les écoles, certain qu’il est de 
‘ son utilité pratique. ” 

From the Seminary, M. Maingui writes :—‘‘ Plns on étudie, plus 
‘ on approfondit cette formule du cubage des corps, plus on est 
‘ enchanté” (the more one marvels at) ‘ de sa simplicité, de sa clarté, 
‘ et surtout de sa grande généralité.” Bigelow, M. A., ‘ believing it 
“ to be of universal use, shall heartily lend himself to the introduction 
‘6 of my system.” McQuarrie, B. A., “ shall be delighted to see the 
‘6 old tedious process superseded by a formula 50 simple and 80 
exact.” D, Wilkie says :— The rule is precise and simple, and, 
‘6 being applicable to almost any variety of solid, will greatly shorten 
‘ the processes of calculation. I have,” he adds, ‘“ proved its accu- 
 racy, as applied to several bodies. The Tableau, comprising a 
‘ great variety of elementary forms, will serve admirably to educate 
“ the eye, and must greatly facilitate the study of mensuration. The 
‘ government would confer à boon on schools of the middle and 
“ higher class by affording access to 80. suggestive a collection. 
Professor Newton, of Yale College, Massachusetts, considers the 
Tableau a very useful arrangement for shewing the variety and extent 
of the applications of the formula. The College l’Assomption ‘ will 
‘ adopt my system as part of their course of instruction.” Rev. T, 
Boivin, of St. Hyacinthe, says : —* Votre découverte est précieuse, et 
je recommande fortement l’adoption de votre tableau. ” 


There are others who, irrespective of considerations as to the 
comparative accuracy of the formula, or of its advantages as applied 
to mere mensuration, have seen how far the models are more sugges- 
tive to the pupil and the teacher than the mere representation 
thereof on the black-board or on paper, and who, in their written 
opinions, have alluded especially to this feature of the proposed 
system. Mr. Joly, President of the Quebec branch of the Montreal 
School of Arts, in a letter to Mr. Weaver on the subject, and after 
having himself witnessed it on more than one occasion, says, in his 
expressive style :—{* The difference is enormous. ” The professors at 
the Normal School are of the same opinion; and others there are 
who variously estimate the saving in time, by my system, at from 
twelve to eighteen months. 

The prismoidal formula is not new: it has been long known, and 
sometimes used to compute the ordinary rectangular prismoid, as 
well as the familiar forms of railroad and canal cuttings and embank- 
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ments; but no one seems to have conceived the idea of applying ft 
even to the frustum of a cone or pyramid, to which, I must necessa- 
rily infer, it was not known to apply, —else, simple as it is, and 80 
much more simple and direct than Legendre’s theorem, it must have 
found its way cre this into treatises on mensuration and the like. 
Neither has it ever been employed, that I know of, to compute the 
segment of a sphere or spheroïd, nor to many other well-known 
forms ; s0 that, in this respect, I may lay claim as if to the discoverÿ 
and as well for a large number of other solids to which it never was 
attempted to apply it. And even if the idea of so'doing has at any 
time suggested itself to others, as sometimes hinted at, they do not 
appear to have put it to the test, or to have arrived at any useful 
conclusion in relation to it, any more than the first man who, on 
sceing steam issue under pressure from the nozzle of à tea-kettle, 
conceived the idea that such an agent could be made to work the 
wonders that we know of; nor was steam ever made available in 
practice till Watt invented tire steam engine, or electricity till Morse 
put up a telegraph. Granted, however, that this formula was disco- 
vered before my time, and that I have mirely disengaged it from the 
dust of years, or re-discovered it, still is there, perhaps, some little 
merit to be claimed. Adams and Leverrier both own to the disco- 
very of the planet Neptune ; and Leiïibnitz was not robbed of the 
honor of his integral and differential calculus, though Newton had 
by several years preceded him in the field by the discovery of 
‘6 flaxions. ” 
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Our engraving is a perspective view of the above named educa- 
tional device, which has been patented for its inventor, Mr. C. Bail- 
lairgé, of Quebec, in the United States, Canada, and Europe. It con- 
sists of a board, about five feet long and three feet wide, with some 
two hundred wooden models, comprising, 80 to say, all the elemen- 
tary forms, their segments, and sections, and numerous other solids, 
simple and compound. 

The tableau is set in an appropriate frame, with glass covering, 
so as to exhibit the models while excluding the dust. The front can 
be opened at pleasure 50 as to afford acress to the models, each of 
which is merely supported on the board by à round mail or wire, 


which admits of its easy removal and replacement by teacher or 


pupil. The instruction conveyed by this tableau, appealing, as it 
docs, to the uneducated eve and mind, is, the inventor thinks, des- 
tined to be of great use in developing the intellirence of the untaught 
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masses of mankind. He expects to introduce it into all the educa- 
tional institutions of the United States and elsewhere, as it is now 
being disseminated in Canada ; and he has no doubt that the tableau 
will also find its place in the studio of the engineer and architect, to 
whom the models will be suggestive of various forms and relative 
proportions which cannot fail to aid them in their pursuits. The 
rapid success attained by a school in Quebec, in mensuration of all 
‘kinds of surfaces and yet higher mathematics, including conic sec- 
tions, was attributed to the use of this tableau. Every tableau is 
inscribed with a rule for finding the solid contents of any body, called 
“the prismoidal formula.” This formula has been shown, by Mr. 
Baïllairgé in his treatise on geometry and mensaration published in 
1856, to be less restrictive than supposed, and he has added to the 
known solids, measurable thereby, a long list of others discovered by 
him, the whole of which are given in the tableau. Kach tableau is 
also accompanied by a printed treatise, explanatory of every use to 
which the models can be put. Mr. Baillairgé is in possession of a 
mass of testimonials, from high officials and other distinguished men, 
both in Canada and Europe, together with reports of various educa- 
tional and other institutions, all highly complimentary to him and 
his invention. U 
Dr. Wilkie, of Quebec, thinks ‘the government would confer a 
boon on schools of the middle and higher classes by affording access 
to 50 suggestive a collection ;” and Professor Newton, of Yale College, 
considers the tableau ‘ of great use for showing the variety and ex- 
tent of applications of the prismoidal formula.” 
Scientific American, June 1st. 1872. 


No. 2272-71. MINISTRY OF PUBLIC INSTRUCTION. 
Quebee, this 18th September 1871. 


. C. BAILLAIRGE, Esq., Quebec. 

, Sm,—I am instructed by the Honorable Minister of Public Ins- 
truction to acknowledge receipt of your letter of the 8th instant, trans- 
mitting copy of the prospectus of your ‘‘ Stereometrical Tableau.” 


He will make it a duty to recommend its adoption in all educa- 
tional establishments and in all schools, persuaded as he is of its 
practical utility. The tableau and accompanying formula reduce to 
an operatiot of the most simple kind the measurement of every des- 
cription of solid, which required according to the old method a cal- 
culation long and often very difiicalt for persons especially who were 
not in the daily practice thereof. 

I bave the honor to be, Sir, your obedient servant, 
Louis GrarD, $ecretary. 
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Srm.—That this formala is mathematically correct, as applied to all 
the solids enumerated by you in your prospectus, there is of course 
no doubt. You have fully demonstrated this in your valuable work 
on Geometry and Mensuration published in 1866. Mr, Steckel has 
not been slow in showing this in a most concise manner in his letter 
to you on the subject, to say nothing of the letters of the RR. MM. 
Méthot and Maingui on part of the professors of mathematics of the 
Quebec Seminary and Laval University, where the expressions, 
# étonné ” and “enchanté” sufficientiy show the high estimation in 
which your discovery is held by these competent judges; but, in my 
opinion, you do not sufliciently insist on the great value, the manifest 
and manifold advantages of your rule as applied to spindles, the 
middle frusta of which are met with every day and in every part of 
the civilised world under the thousand and one forms of casks of 
every conceivable size and variety, and the necessity of measuring 
which with promptness, on account of their number, and with accu- 
racy, on account of the generally valuable nature of their contents, 
renders some simple, easy and commodious rule, like the one now 
proposed by you, of the first importance to all mankind. 


Now, Sir, that your rule embraces these valuable requisites, let 
me compare it, in its working and in its results, with the rules laid 
down by some of our best mathematicians and authors such as Bon- 
nycastle for instance, see Rev. E. C. Tyson’s edition of his mensura- 
tion, page 147. 


Problem XXVII (for example). 


To find the solidity of the middle frustum of an elliptic spindle ; 
€ its length, its diameters at the middle and end being given ; also 
the diameter which is half way between the middle and end dia- 
 meter being known.” 


Rule, “1° From the sum of three times the square of the middle 
diameter, and the square of the end diameter, take four times the 
4 square of the diameter between the middle and end, and from four 
4 times the last diameter take the sum of the least diameter and three 
‘ times that of the middle, and + of the quotient arising from divid- 
‘ ing the former difference by the latter will give the central distance. 


“9° Find the axes of the ellipse by Problem IL, and the area of 
6 the elliptical segment, whose cord is the length of the frustum, by 
‘6 Problem V. | 


3° Divide three times the area thus found by the length of the 
# frustam, and from the quotient subtract the difference between the 
‘6 middle diameter and that of the end, and multiply the remainder by 
# eight times the central distance. 
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4 4° Then from the sum of the square of the least diameter, and 
‘ twice the square of that in the middle, take the product last found, 
‘ and this difference multiplied by the length and the product again 
‘€ by .261799, &c., will give the solidity required.” 

Here, the mind is absolutely bewildered at the mere recital of 
the multifarious operations to be performed (not less than 27 in num- 
ber) and the mere results of each of these operations, irrespective of 
the details of the multiplications, divisions and other computations 
necessary to arrive at them, take up two whole pages of the book. 


Applied, say to a cask of 28 inches in length, bung diameter 24 
inches, head diameter 21.6 inches, and diameter half way between 
head and bung 23.409009 inches, the result, as fully worked out at 
page 148, 149 of said book, gives 11,854? cubic inches, very neurly, 
or 5] gallous and 5 half-pints. 

Now, the same example, Sir, by your formula, brings out 11,855.2 
cubic in., which differs from the last result by ouly .0000045 or less 
than half an inch on nearly 12000 inches, or the 240th part of one per 
cent in excess, the 1ith part of a gill. 


Not only then, is your formula in this casé to be considered in 
every respect as accurate as that of Bonnycastle, but it is really more 
s0 in practice; for, even if the error in excess attained the maximum 
of.005 or + of one per cent, where is the practical measurer or gauger 
who, for the sake of a quart on a 50 gallon keg'’or half a gallon on a 
hogshead, would, could devote hours of his time to calculate by the 
old method what can be done with greater accuracy and in less than 
? minutes by the new ; for, every merchant will tell you that in prac- 
tical cask gauging there is generally an error in excess or in defect of 
from one to two gallons on a hogshead. 

And even this comparative accuracy of the old rule, can only be 
arrived at by taking in all the decimals, which no one would be likely 
to do, on account of the immense labour of the computations ; where- 
as, by the new formula, by reason of its great simplicity and contcise- 
ness, all'the decimals may easily -be taken in and no harm can result 
at some of the last decimals being neglected, since the result as shown 
above is, and, for convex forms, always is, though ever so slightly, in 
excess of the true content. 

Iam wrong however in assuming that the maximum error in 
cask gauging by your rule is .005 or the half of one per cent ; neither 
do you say 80 in your prospectus, and on the contrary you show 
most satisfactorily at page 708, 709 of your said treatise, in the nu- 
merous examples given by you and fully worked out and compared 
in each caso with the results given by Bonnycastle’s rules, that the 
maximum error in cxcess docs, in your first aud ?nd examples, not 
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excced + of one per cent or one quart on à hogshead ; in ex. 8 it is 
of 1 per cent; Ex. 10 gives the maximum error as # of 1 per cetit ; Ex. 
5 gives + of 1 per cent ; Ex. 4 and 12 (2), , of 1 per cent ; Ex. 9, & of 
1 per cent ; Ex. ? and 12 (1 and 3), 7 of 1 per cent; and ex. 7, 4 of 
1 per cent, and these examples cover all varicties and sizes of cireu- 
lar, elliptic, and parabolic casks, that is of the three varieties gene- 
rally met with in practice. 

But in dwelling on the formula, I find I have as yet said nothing 
of the all important “ Stereometrical T'ablean ” without which, as you 
pertinently remark, the rule would be almost as useless in teaching 
mensuration in schools, if not in the practice of it, as steam without 
the steam engine or electricity without the telegraph. 


There are many other advantages, apart from the mere mensu- 
ration of bodies, which your tableau possesses, as enumerated by you 
in your prospectus and which it is useless for me to diwell upon, as I 
falty eoncur in all that you claim for it; though I think you might 
have farther insisted of the advantage of such a tableau in the studio 
of the appfentice, nay even of the professional architect, who will, 
among the models, find that of almost every conceivable shape or 
proportion of roof, dome, &c., which he may be called upon to design ; 
the Civil Engineer, every description of prismoïd to be met with in 
the cuttings or embankments for railroads, canals, docks, &c., or in 
the piers or abutments of bridges or other structures ; the mechanical 
engineer, every yariety of boïler, copper or other vessel and the com- 
ponent parts of all sorts of machinery. 

Quebec, 9th December 1871. J. GALLAGHER. 





16, St. George St., Battery. Dec. 26 1871. 


My DEAR siR,—It is with the utmost satisfaction that I have re- 
viewed the Prospectus of the Stereometrical Tableau, which, in con- 
junction with the Photograph, you were s0 polite as to send me. I 
have been unable from want of leisure to go into 80 thorough an ex- 
amination as I should desire, and which your invention merits. But 
in the instances which I have subjected to critical analysis, I havo 
found the rule to work most admirably—combining comprehensive- 
ness, utility with simplicity and great exactness. It will render a 
study herctofore charged with difticulty and abstruseness at once 
easy and acceptablo—modernizing that which was ancient and which 
from its multitudinous formulæ had become an isolated branch of 
Mathematics. Believing it to be of universal use, I shall heartily lend 
myself to the introduction of your system. . 

Very respectfully, Your obedient servant, 
HoRATIO R. N. BIGELOW, M. A. 

C. BAILLAIRGE, EsQ. 
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Ser. 2, No. 255. Education Office, Province of New Brunswick, 
Fredericton, January 25th 1872. 

C. BAILLAIRGE, Es. ., Quebec, DEAR Srr.—1I am instructed by the 
. Board of Education for this Province to apply to you for a set of your 
Stereometric Tableau and your text-book on Practical Mathematics. 
The Board desire these articles for inspection, with a view of pres- 
cribing them for general use in all the Schools of this Province, should 
they be deemed suitable for the purpose. Should there be any charge 
for these articles, the same will be met by this Department. 


Your Obdt. Servt., THEODORE H. Raw. 





Mr. Baillairgé’s Stereometrical Tableau seems to me to be a very 
useful arrangement for showing the variety and extent of the appli- 
cations of the Prisemoidal Formula. Where demonstrations are given 
in the study of Mensuration of Solids, it willaid a teacher in illustra- 
ting the rules, but it would probably be much more valuable to those 
who try to teach that study without introducing demonstrations of 
the rules. 

H. A. NEWTON, Prof. of Math, in Y. College. 


YALE CoLLeGe, Feb. 5th 1872. 


mg 


No. 13567. Subj. 995. Ref. 20814. Department of Publie Works. 
Ottawa, Feby. 7th 1372. 


SrR,—In reply to your letter of the 26 ulto., I am directed by the 
Minister to request you to furnisb the Department with one of your 
“Tableau Stéréométrique ” at the price of D dollars, together 
with your account for the same. 


I bave the honor to be, Sir, your obt, servant, 


Cus. BAILLAIRGE, Esq., F. BRAUN, 
Architect, &c., Quebec. Secretary. 


New Haven, Feb. 7th 1872. 
Cuas. BAILLAIRGE, EsQ., DEAR SrR,—I have been much interested 
in looking over the papers descriptive of your useful, valuable and 
(as it very plainly appears) universal application of a rule for the 
ménsuration of solids. I sincerely congratulate you on the success 
which your discovery has met with in all quarters in which it has at 
present been introduced. It must have been 2 great labour to work 
it out to its present state of perfection and you have the satisfaction 
of knowing that you are a benefactor and staunch pilot in that sea of 
difculty : Geometry, 
Your very sincerely, E. B. Bars, 
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High School, Quebec, 8th Feb. 1872. 


Cus. BAILLAIRGE, EsQ., My DEAR SIm,—I beg to acknowledge 
with many thanks the receipt of a number of papers explanatory of 
your new formula for finding the contents of solid bodies. 


The rule is precise and simple, and being applicable to almost 
any variety of solid, will greatly shorten the processes of calculation. 
I have proved its accuracy as applied to several bodies. 


The Tableau comprising a great variety of elementary models 
will serve admirably to educate the eye and must greatly facilitate 
the study of solid mensuration. 


The Government would confer a boon on schools of the middle 
and higher class by affording access to 80 suggestive à collection. 


I have the honor to be, my dear sir, your obedient servant, 
D. Wizxre, Rector. 


+ 
nd 


Quebec, 8th January 1872. 

Cus. BAILLAIRGE, EsQ., Dear Sm,—Being absent from home 
when your favour of the 1st ult. arrived and having returned only a 
few days ago I have found it impossible to give to your Stereometri- 
cal Tableau that attention which the subject merits. I have how- 
ever in the case of a few solids compared your formula with the ordi- 
nary methods of computation and found it equally correct. I shall 
be delighted to see the old tedious processes superseded by a formula 
80 simple and 80 exact. 


I have the honor to be, Dear Sir, Your obedient servant, 
A. N. McQuaRie, B. A.* 


Quebec, 27 Dec., 1871. 


CHARLES BAILLAIRGE, EsQ., QueBec. DEAR Sir,-—-1I beg to ack- 
nowledge with many thanks the receipt of the papers and photograms 


explanatory of your Stereometrical Tableau. 
1 have compared, in the case of several solids, the results obtained 
by your mode of computation with those resulting from the ordinary 
and more lengthy processes, and congratulate you sincerly on your 
enunciation of a formula 80 brief and simple in its character and 80 
precise and satisfactory in its results. 
I remain, Dear Sir, Your very odedient servant, 


E. T. FLETCHER, 
Inspector of Surveys Dept. of Crown Lands. 





# Professor of Mathematics, oto., at the Morin College.—0O. B. 


% 
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Québec, 6 Septembre 1872. 
MoxstEur,—J’ai le plaisir de vous annoncer que le Conseil de 
l’Instruction Publique vient d'approuver votre Tableau et suis heu- 
reux de vous en féliciter. 
Bien sincèrement votre tout dévoué, 
C. BAILLAIRGE, ECR. P. J. O0. CHAUTVEAU. 





The January Session of thé Board of Eraminers for Land Surveyors 
Jor the Province of Quebec. 1872. 


EXTRACT FROM THE MINUTES. 

Moved by the President, Adolphe LaRue, Esq., and seconded by 
E. T. Fletcher, Esq., and resolved : 

“That the Board of Examiners for Land Surveyors, having taken 
into consideration the Stereometrical Tableau of Charles Baïillairgé, 
Esq., Civil Engineer, and the very neat and precise formula connected 
therewith, desire to record their opinion of the utility and importance 
of this formula, and coincide wholly with the opinions expressed by 
those to whom it has been already submitted, and further they would 
recommend that the Board be provided with one of these Tableaux. 

Quebec, January 2nd, 1872. ALEXANDER SEWELL, 
Secretary of the Board of Surveyors. 





No. 2272-71. Ministère de l'Instruction Publique. 
Québec, ce 7 Septembre 1872. 

C. BAILLAIRGE, ECUYER, QUEBEC. MONSIEUR, —J'ai l’honneur de 
vous transmettre, sur l’autre feuillet, copie de la résolution adoptée 
par le Conseil de l’Instruction Publique, approuvant votre “Tableau 
Stéréométrique pour toiser tous les corps, segments, troncs et onglets 
de ces corps,” ainsi que votre ‘ Nouveau traité de géométrie et de tri- 
gonométric rectiligne et sphérique,” suivi du “ Toisé des surfaces et 
des volumes.” 

J'ai l'honneur d'être, Monsieur, votre obt. serviteur, 
Louis GiAnD, Secrétaire-Archiviste. 


Paris, le ler Août 1872. 
À Monsieur Baillairgé, Architecte, etc., à Québec, (Canada). 
Moxagur’—J'ai l'honneur de vous donner avis que le Conseil 
Supérieur vient de vous admettre à faire partie de la Société de Vul- 
garisation pour l'Enseignement du peuple à titre de Membre Titulaire. 
Nous sommes heureux d’une décision qui assure à notre Œuvre 
votre précieux concours et nous espérons les meilleurs effets de votre 
propagande active en faveur de l’Instruction et de l'Education popu- 
kures, 





Veuillez agréer, Monsieur et très honoré Collègue, l’as- 
surunce de mes sentiments de haute considération. 


Le Secrétaire (Général fondateur, 
(Signé) AUG. HUMBERT. 
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Quebec, 9th January 1872. 
G. W. WEAVER, EsQ,., 


President of Board of Arts & Manufactures. 


My Dear SrR,—Our evening class began last week. I am happy 
to say every thing looks promising and we have been fortunate enough, 
to secure again Mr. C. Baillairgé’s invaluable services, as teacher, for 
this winter. 

We have procured from him, for our school, the “ Sfereometrical 
Tableau” which is his invention, and I am 80 delighted with it, that 
I send you a photographic representation of it, and a number of let- 
ters and other documents printed which will serve to explain the ta- 
bleau, and show at the same time how useful it is considered by the 
most eminent authorities in this country. 


You ought to get the tableau for your schools, at Montreal. You 
showed me last year when I visited your schools several wooden mo- 
dels of geometrical figures ; I was struck with their usefulness at the 
time, and thought of procuring some for our schools, but there are 
only a few of them and their price is very high. Mr. Baiïllairgé’s Ta- 
bleau costs only fifty dollars, and it contains two hundred geometrical 
figures. 1 fancy the collection embraces every variety of figure that 
can ever be required for practical use. 


. They are solid figures made of wood, each fixed on a nail, 80 that 
they can be taken off by the teacher for demonstration and handed 
to the pupils ; who are enabled to understand and master their divers 
shapes and forms with much greater ease, than if they saw them 
draw on à black board, or in a book; the difference is enormous. 


In addition to the great help they afford, for the study of geome- 
try, these figures are very useful as models for earthworks, piers, 
reservoirs, castings, roofs, domes, colnmns, cauldrones, &c., &c., &c. 


The tableau is most useful too for the working out of that won- 
derfully simple rule, which has been applied by Mr. Baillairgé, for 
the first time, to the measurement of the solid contents of all bodies. 
It was known previous to his discovery to apply to a certain number 
of bodies, but he has found out that it applied to all without exception. 
You will fnd that rule in the papers I send you, and in his treatise 
on geometry. I will soon let you know, what progress the school is 
making and remain, my dear Sir, 


Yours truly (Signedi) H. G. Jozx.* 





# President Quebes Sobpol of Arts. 
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Erxtract from an Address by the pupils to Uhs. Baillairgé, Esq., Pro- 
essor at the School of Arts, 13th April 1872. 


We deem it not out of place to remark that in our opinion the 
word ‘ STEREOMETRICAL ” which you häve prefixed, as qualitative of 
the uses that your ‘ TABLEAU ” can be applied to, is not suggestive 
enough of the many advantages which such a varied colleetion of 
models presents; for, not only is it of paramount importance and 
utility, as illustrative of your system of mensuration, by one and the 
same invariable formula, implied in the title at the head of the board ; 
but, we hesitate not to say that to the use of the ‘“ TABLEAU ” we are 
indebted in an eminent degree for the singularly rapid progress we 
have been enabled to make since the 4th of January last (only 30 les- 
sons) not only in Geometry proper and in the Mensuration of surfaces 
and solids, both plane and spherical ; but also in the study of geome- 
trical projection and perspective, shades and shadows, the develop- 
ment of surfaces and the lines of penetration of divers solids, &c., &c. 





Extract from the “ Quebec Gazette” March nd 1872. 
MR. BAILLAIRGÉ'S LECTURE. 


The lecture on Geometry, delivered by C. Baiïllairgé, Esq., before 
the Literary and Historical Society, in the Morin College, on the eve- 
ning of Wednesday last, was a rare scientific treat, lost to many who, 
doubtless, thinking the subject a dry one, did not attend. The au- 
dience, though not as large as might be expected, comprised the elite 
of the scientific and well read men of this community. That the sub- 
ject, as handled by Mr. Baillairgé, was not a dry once, may be inferred 
from his showing, during its course, that it not only applied to that 
most attractive of all ovals, the female countenance, but that the keen 
appreciation of its chars by the fairer portion of mankind was clearly 
evidenced in the beautiful and ever varying tracery of their laces, 
embroidery, &c. Neither was it wanting in poetic imagination, as 
illustrated by the lecturer, in comparing the curves traced out by the 
engineer amidst the woods and waters of the earth, to the mighty 
circuits of the comets amidst the starry forests of the dark blue hea- 
vens. That part of the lecture touching upon conic sections was 
especially interesting, owing to the lucid manner in which their prin- 
ciples were described as applied in the throwing of projectiles, jets 
of water, mirrors, reflectors, &c. The lecturer exhibited his Sterco- 
metrical Tableau, which is now attracting so much attention in this as 
well as other countries, and demonstrated, to the perfect satisfaction 
of his hearers, that it was fully entitled ta all the advantages claimed 
forit. At the close of the reading, Cupt. Ashe, R. N., in proposiug à 
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vote of thanks to the lecturer, whilst claiming for Dr. Simpson the 
discovery of the prismoidal formula, as known to apply to certain 
bodies (a fact alluded to in the lecture), nevertheless highly compli- 
mented Mt. Baillairgé, giving him due meed of praise for his general 
application of thé formula to all known solids. D. Wilkie, Esq., Rec- 
tor of the High School, than whom no more competent judge of the 
subject could bé found in our midst, in seconding the vote of thanks, 
hoped that a lecture 80 interesting and iñstructive would be published, 

80 as to bring it within the reach of all, and gave expression to his 
most unqualified admiration of the high talents of Mr. Baillairgé and 

his devotion to tlié science of figures. He considered the production 

of the Sfereometrieal Tableau of vast importance to the educational 

system, by redüucing the work of a year to that of a day or two—s0 to 

say. He also coniplimented the lecturer on the happy way in which 

he treated the subject, making that which many were wont to consi- 

der dry even poetical. The President, Dr. Anderson, in putting the 

motion before the meeting, said that in his recollection, he had never 

been 80 pleased or gratified with a lecture as that which they had 

just heard. That it was most flattering to Mr. Baiïllairgé to know 

that he had kept an audience entranced for two whole hours with 

such unflagging interest, that the two hours had passed as though but 

one. The President concluded his remarks by stating that though 

Mr. Simpson had made the discovery alladed to, it had seldom if ever 

been practically applied, and that, therefore, Mr. Baillairgé should be 

considered the real discover, a fact carried out by the lecturer himself 
when stating that ‘the férmula would be nothing without the tableau, 

any more than steam without the steam engine or electricity without 

the telegraph. ” 





The Ursuline Conveni. 


We learn with satisfaction and legitimate pride that this admir- 
able institution has ordered one of Mr. Baillairgé’s Stereometrical 
Tableau, and that this gentleman, during a single sitting of a few 
hours devotion, generously granted him by the Nuns, managed to 
render them thoroughly conversant with his system of nomenclature 
and mensuration. It seems almost incredible, and yet, we are as- 
sured that the Reverend Superior (the talented Miss Cimon, of St; 
Paul’s Bay) accompanied by Sister St. Croix and Sister St. Raphaël, 
at once mastered and perfectly understood Mr. Baillairgé’s system in 
all its details. Paying comparatively little attention to the more or- 
dinary forms of which the mode of measurement was to them appar- 
ent at a glance, they selected for their questions the more complex 
forms, such as the sections of the sphere and spheroids and the nu- 
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merous and varied prismoids, to be found among the 200 models of 
the tableau. The education given by the Religious Ladies to their 
pupils comprises the geometry of lines and surfaces, and from this to 
tbe mensuration of solids by Mr. Baïillairgé’s system, there is but one 
step, a simple addition of certain surfaces and the multiplication of 
their sum by one sixth part of the height or length of the body un- 
der consideration. The Nuns intend to commence immediately the 
teaching of this branch to their pupils, who will bé examined on the 
tableau at the next examination which takes place in June. The 
noble example thus given by the Ursulines has been rapidly followed 
by another important educational establishment, the Convent of the 
Religious Ladies of Jesus-Marie, on the Cap Rouge road, and we are, 
moreover, informed that the Sœurs de la Congrégation St. Roch, to- 
gether with the Nuns of the Good Shepherd and the Sisters of Charity 
intend forthwith to add to the already varied programme of their 
tuition, this study of Stereotomy, which, up to the present time, 
could not be even dreamed of, but which Mr. Baillairgé’s system uow 
renders possible by reducing, as it does, the study of a year to that of 
à day or two, 80 to say. 





COPY. WorcEsTER FREE INSTITUTE. 
Worcester, Mass., July 24 1873. 
This certifies that I have carefally examined Baiïllairgé’s models 
to illustrate the applications of the Prismoiïdal Formula, and consider 
them eminently calculated to be useful in all schools where mensu- 
ration is taught. 
(Signed,) C. O0. THOMPSON, 
True copy. Principal Wr. Free Inst. 





- EXTRAIT D'UNE LETTRE DE V. VANNIER. 
Paris, 8 Juillet 1873. 

4 Il est bien décidé que votre tableau aura la première récom- 
pense de la société libre d'instruction et d'éducation populaire; vous 
en serez averti officiellement à la rentrée des vacances, fin octobre, 
et vous serez en même temps convoqué pour la distribution solen- 
nelle des récompenses qui aura lieu dans le courant du mois de Mars 
prochain. 
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by one and the same rule. 


srch, 1872.) 


‘The tableau,’ says this competent judge, ‘comprising 
‘ as it does a great variety of elementary models, will serve 
‘“ admirably to educate the eye, and must greatly facilitate 
‘the study of solid mensuration.”” ‘‘ Again,’ says Mr. 
Wilkie, ‘the Government would confer a boon on schools 
‘ of the middle and higher class by affording access to 80 
‘€ suggestive a collection.” There are others who, irres- 
pective vf considerations as to the comparative accuracy of 
the formula, or of its advantages, as applied to mere 
men«uration, are awake of the fact that the models are 80 
mnch more suggestive to the pupil and the teacner thau 
their inere representation on a blackboard vr on paper, and 
who, in their written opinions, have alluded especially Lo 
this feature ofthe proposed syetem. M. Joly President of 
the Quebec Branch uofthe Montreal School of Arts and 
Design, in a letter ou the subject to Mr. Weaver, the 
President of the Board, and after having himself witnessed 
its advantages on moie than one occasion, says, in his 
expremive style, ‘{the difference is enormous.”’ Professor 
Toussaint, of the Normal Schovl, Dufresne, of the Mont- 
magny Academy, Boivin, of St. Hyacinthe, and many 
others, are of the same opinion; among them MM. KR. S. 
M. Bouchette, O’Farrell, Fletcher, St. Aubin, steckel, 
Juneau, Venner, Gallagher, Lafrance, and the late Brother 
Anthony, &c., &c. Neither will it be forgotten that the 
professors of the Laval Uuivereity, after reading the 
enunciation of Mr. B.'s formula, as given in his treatise of 
1866, expresse 1 theinselves thus : ‘ Un doute involontaire 
‘s'empare d'abord de l'esprit, lorsqu'on lit le No. 1521; 
‘ mais un examen attentif des paragraphes suivants, dissipe 
‘ bientôt ce doute et l’on reste étonné à la vue d’une 
‘6 formule, ai claire, si aisée à retenir et dont l'application 
‘{ eat si générale.” Mr. Fletcher, of the Crown Lands 
Department, says: ‘[ have compared, in the case of 
‘“ several solidx, the results obtained by your mode of 
‘ computation with those resulting from the ordinary and 
‘ more lengthy processes, and congratulate you sincerely 
‘6 on your enunciation of a formula 80 brief and simple in 
‘‘its character, and so precise and satisfactory in its 
‘“ results.” Mr. Baillairgé also took occasion during his 
lecture 10 allude, in other relations, to his treatise on 
geometry and mensuration, in which he showed he has 
introduced many important modifications in the usuul 
mode of treating the subject of plane and apherical geometry 
and .trigonometry. In conclusion, we must add that the 
Counci! of Public Instruction, at its last meeting, appointed 
a Committee, composed of the Lord Bishop of Quebec, and 
of Bishops Langevin and Larocque, to report to the Couucil 
at its next general meeting in June, and who, it may be 
tuken tur granted, after the many flattering testimonials in 
relation to the utility and many advantages of the stereo- 
metrical tableau for purposes of education, cannot but 
recuminend and direct its adoption in all the schools of 
the Duiminion. 


* 
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THE PREFACE. 


The question may be asked “Ifthe system be 80 simple, why : 
so voluminous à ‘Key ” ? Now, it will be immediately seen that the 
present work is in reality, for the most part, a mere ‘ Mensuration 
of Areas ” which might perhaps have been omitted, since there are 
already many works which treat on that subject, and that the mode 
of measuring the surface or area of any solid is supposed to be known 
before its cubical contents can bearrived at. It is however more satis- 
factory for Teachers in general, Professors and Students to find thus 
brought together in a single volume, all that they require, than to 
bave to seek it elsewhere, The mensuration of areas is not at all 
superfluous, even in the “ Key ” ; since, in point of fact the whole 
difficulty and labor of computing the solid contents of any body, con- 
sists in determining the areas of certain of its component faces and 
sections. 


That which also contributes largely to swell the dimensions of 
the “ Key ”, is the great number of examples, fully worked out, of 
the author’s system as applied to the computation of the most intri- 
cate solids, aud the numerous tables of which the great utility will 
become apparent, when, having to compute the capacity ofany boiler 
tab, vat or cask—the volume of a Cylinder, sphere, Spheroid, conoid 
or of any segment, frustum or ungula of such bodies, the calculation 
will be found, so to say, fully worked out, since it will suffice to take 
out the requisite areas, add them and multiply their sum by the 
sixth part of the length or altitude of the body ; after which a sim ple 
multiplication or division (as the case May be) ofthe units so ob- 
tained, will reduce them to inches, feet, mètres, gallons, litres, &c. 
or to any other units greater or less than the first. 


At page XXIX, however ; that is, after the testimonials will be 
found an 


ABRIDGED 0R SYNOPTICAL KEY TO THE TABLEAU. 


and, to any one who understands the nomenclature of solid forms 
and the mensuration of areas, this Abridged Key contains all that is 
essential to the full and entire intelligence of the author's system, 
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The Archbishopric of Quebec. 

The Ursulines Convent. 

The Bishopric of Rimouski. 

The Bishopric of Kingston. 

The Bishopric of St. Hyacinthe. 

The Laval University, Quebec. 

The Laval Normal School, Quebec. 

The Seminary, Quebec, 

The Society for the vulgarisation 
of education, France. 

The College, Ottawa. 

The College, Rimouski. 

The College, Ste. Anne Lapoca- 
tière. 

The school of Arts & Design, 
Quebec. 

The Board of Land Surveyors, 
Quebec. 

The College, l’Assomption. 

The Dept. of Public Works, Ot- 
tawa. 

The College, Nicolet. 

The College, St. Hyacinthe. 

Dufresne’s Academy, Montmagny. 

The Academy, St. Michel. 

J. F. Peachy, Archt., Quebec. 

J. Lepage, Archt., Quebec. 

The Education Office, New Bruns- 
wick. 

R. Hamilton, Esq. Quebec, for a 
school. 

The City Hall, Quebec, for the 
Dept. of Works. 

Godin & Devarennes, builders. 

N. Piton, builder. 

F. N. Martin, Surveyor, Rimouski. 

The Government, Province of Que- 
bec, for Model Schools & Aca- 
demies. 

C. Roy, Surveyor & Engineer. 

J. Maguire Plumber, &c., Quebec. 

J. Marcotte, iron founder, Quebec. 

The Jacques - Cartier Normal 
School, Montreal. 


M. Piton, Manitoba. 
The Ministry of Public Instruction, 


Belgium. 
The Convent of the Good Shep- 


herd, Quebec. 

The Convent of the Sisters of Cha- 
rity. 

The Convent of Jesus-Marie, Cap 
Rouge. 

The Dept. of Public Works, 
Quebec. 

The Board of Arts & Trades, Mon- 
treal. 

J. H. Clint, Lumber Mercht. Que- 
bec. 

P. Coté, builder, Quebec. 

The College, Aylmer, Ottawa. 

S. W. Townsend, Hamilton, C. W. 


The Frères Schools, Canada. 


The Frères Schools, France. 

G. Bisset, iron founder, machinist;, 
Quebec. 

T. Archer, Lumber Merchant, 
Quebec. 

R. Steckel, Civil Engineer, Ottawa. | 

V. Vannier, Païis & Canada. 

The Commercial Academy, Que- 
bec. 

G. R. Baldwin, Civil Engr. Boston. 

The Litterary & Hist. S. Quebec. 

The Worcester Free Inst, Mass. 

P..V. Du Tremblay, Surveyor & 
Engineer, Baie St. Paul. 

C. Jobin, ship builder, Quebec, 

J. Racine, iron smith, Quebec. 


‘A. Réaume, Lumber Merc. Quebec. 


Le College Melbrun, Haute Py- 
renées, France. 

A. Humbert, artist, Paris, France. 

The Academy of Science, Paris, Fr. 

The Conservatory of Arts and 


Trades, 
&c., &e. &c. 
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TESTIMONIALS. 


No. 2272-71.— Ministry of Public Instruction, 


Quassc, this 18th September 1871. 
C. BarLLAIBGÉË, Eeq., Quebec, 

Sir, —1 am instructed by the Honorakle, the Minister of Pablic Instruc- 
tion to acknowledge receipt of your letter of the 8th instant, transmitting copy 
of the prospectus of your Stereometricai Tableau. 

He will make it a duty to recommend its adoption in all educational 
establishments and in all schools, persuaded that he is of its practical utility. 
The tableau and accompanying formula reduce to an operation of the most 
simple kind the measurement of every description of solid, which required 
according to the old method a calculation long and often very difficult for 
persons especially who were not in the daily practice thereof. 

I lave the honor to be, Sir, your obedient servant, 


Louis Gran, Secretary. 


Paurs, 8 Juillet 1873. 
Movsreun,—"{ I] est bien décidé que votre tableau aura le premier prix 
de la Société libre d’instrnction et d'éducation populaire; vous en serez 
averti officiellement à la rentrée des vacances, fin Octobre, et vous serez en 
même temps convoqué pour la distribution solennelle des récompenses qui 
aura lieu dans le courant du mois de Mars prochain. 
V. Vaxwiee. 


C. Barzrarsos, Ecr. 


VI THE STEREOMETRICAL TARLEAU. 


Quebec Budget 12 April 1873. 


THE URSULINE CONVENT. 


We learn with satisfaction and legitimate pride that this admirable ineti- 
tution has ordered one of Mr. Baillairgé’s Stereometrical Tableaus, and that 
this gentleman, during a single sitting of a few hours devotion, generous!y 
granted him by the Nuna, managed to render them thoroughly conversant 
with his system of nomenclature and mensuration. It seems almost incre- 
dible, and yet, we are ensured that the Reverend Superior (the talented 
Miss Cimon, of St. Paul’s Bay) accompanied by Sister St. Croix and Sister 
St. Raphael, at once mastered and perfectly understood Mr. Baillairge’s 
system in all its details. Paying comparatively little attention to the more 
ordinary forms of which the mode of measurement was to them apparent 
at a glance, they selected for their questions the more complex forms, euch 
as the sections of the sphere and spheroids and the numerous and varied 
prismoids, to be found among the 200 models of the tableau. The edu- 
cation given by the Religious Ladies to their pupils comprises the geometry 
of lines and surfaces, and from this to the mensuration of solids by Mr. 
Baillairge’s system, there is but one step, a simple addition of certain sur- 
faces and the multiplication of their sum by one sixth part of the height 
or length ofthe body under consideration. The Nuns intend to commence 
immediately the teaching of this branch to their pupils, who will be exam 
ined on the tableau at the next examination which takes place in June. 
The noble example thus given by the Ursulines has been rapidly followed 
by another important educational establishment, the Convent of the Relig- 
ious Ladies of Jesus Marie, on the Cap Rouge road, and we are, moreover, 
informed that the Sœurs de la Congregation de St. Roch, together with the 
Nuns of the Good Shepherd and the Sisters of Charity intend forthwith to 
add to the already varied programme of their tuition, this study of Stereo- 
tomy, which, up to the present time, could not be even dreamed of, but 
which Mr. Baïllairge's system now renders possible by reducing, as it does, 
the study of a year to that of a day or two, 80 to say. 





‘ Mr. Baillairgé next explained in detail his stereomettical tableau, 
which we hope to see soon introduced into all the schools of this Dominion. 
He showed how conducive il will be in shortening the time heretofore de- 
voted to tbe study of solids and even to that of plane and convex superficies, 
spherical trigonometry, geometrical projection, perspective drawing, the 
development of surfaces, shades and shadows, and the like. Mr. Wilkie, 
80 far as opportunity had been afforded him of proving the calculations, 
eorroborated Mr. B.’8 statement in relation to the immense saving in time, 


TESTIMONIALS. VIL 


where many abstruse problems which generally required hours or days to 
solve, can now (if the rule be, as Mr. Baillargé asserts, s0 generally appli- 
cable, and, as been certified by so many persons in testimonials over their 
owa signatères,) with the help of the new formula and tableau, be perform” 
ed in as many mioutes ; to say nothing of the use the models are in im- 
parting at a glance a knowledge of their nomenclature or names, and an 
acquaintanceship with their varied shapes and figures. He showed how, to 
the architect and engineer, the builder and mechanic, the models are sug- 
gestive ofthe forms and relative proportions of buildings, roofs, domes, 
piers and quays, cisterns and reservoirs, Cauldrons, vats, casks, tubs and 
other vessels of capacity, earthworks of all kinds, comprising raïlroad and 
other cuttings and embankments, the shafñts of tlie Greek and Roman 
column, square aud waney timber, saw-logs, the camping tent, the square 
or splayed opening of a door or window, nich or loop-hole in a wall, the 
vault or arched ceiling of a church or hall, the billiard or the cannon-bail, 
or, on a larger scale, the moon, earth, sun and planets. Mr. Baillairgé, 
we may add, has received an order for a tableau from the Minister of Edu- 
cation of New-Brunswick, with the view of introducingit into all the schools 
of that Province; and Mr. Vannier, in writing to Mr. Baillairgé, from 
Frauce, ou the 10th of January last, to advise him of the granting of his 
letterse-patent for that country, says that Messre. Humbert & Noé, the Pre- 
sident and secretary ofthe society for the generaligation of education in 
France, have intimated their intention, at their next general meeting, of 
having some mark of distinction conferred on him for the benefit which his 
invention and discovery are likely to confer on education. Mr. Giard, in 
writing to Mr. Baiïllairgé, on the part of the Hon. Mr. Chauveau, Minister of 
Public Instruction, says : ‘‘ [l se fera. un devoir d'en recommander l’adop- 
“ tion dans toutes les maisons d'éducation et dans toutes les écoles.” From 
the Seminary and Laval University, Mr. Mainguy writes : ‘ Plus on étudie, 
# plus on approfondit cette formule du cubage des corps, plus on est en. 
‘6 chanté (the more one marvels at) de ea simplicité, de sa clarté et surtont de 
‘6 ga grande généralité. ”’ Rev. Mr. McQuarries, B. AÀ., ‘ shall be delighted 
46 to see the old and tedious processes superseded by a formula 80 simple 
and 80 exact. *’ Newton, of Yale College, United States : ‘‘ considers the 
‘6 tableau a most useful arrangement for showing the variety and extent of 
sf the applications ofthe formula.’ The College l'Assomption ‘will adopt 
‘6 Mr. Baillairgé’s system as part of their course of instruction. *’ Mr. Wil 
kie has written to the author that ‘‘ the rule is precise and simple, and will 
‘ greatly shorten the processes of calculation. The tableau, * says this 
competent Judge, ‘“ comprising as it does a great variety of elementary 
66 models, will serve admirably to educate the eye, and must greatly facili- 
‘t tate the study of solid mensuration” ‘ Agaïin,”’ says Mr. Wilkie, the 
‘ Government would confer a boon on schools of the middle and higher 
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‘class by affording access to 80 suggestive a collection.” T'here are 
others who, irrespective of considerations as to the comparative aceuracy of 
the formula, or of its advantages, as applied to mere mensuration, are 
awake to the fact that the models are so much more suggestive td the pupil 
and the teacher than their mere representation on a blackboard or on paper 
and who, in their written opinions, have alladed especially to this feature 
of the proposed system. Mr. Joly, President cf the Quebec Branch of the 
Montreal School of Art and after having himself witnessed its advantages 
on more than one occasion, says, in bis expressive style, ‘‘ the difference is 
enormous. ”’ Professeur Toussaint, ofthe Normal School, Dufresne, of the 
Montmagny Academy, Boivin, of St. Hyacinthe, and many others, are of 
the same opinion ; among them MM. R. $S. M. Bouchette, O'Farrell, Flet- 
cher, St. Aubin, Steckel, Juneau, Verner, Gallagher, Lafrance, and the late 
brother Anthony, &c., &c. Neither will it be forgotten that the professors 
of the Laval University, after reading the enunciation of Mr. B.’8 formuls, 
as given in his treatise of 1866, expressed themselves thus : ‘‘ Un doute in. 
‘6 volontaire s'empare d’abord de l'esprit, lorsqu'on lit le No. 1521; mais un 
‘6 examen attentif des paragraphes suivants, dissipe bientôt ce doute et l’on 
4 reête étonn6 à la vue d’une formule, si claire, si aisée à retenir et dont l’ap- 
‘6 plieation est si générale.’ Mr. Fietcher, of the Crown Lands Department, 
says : ‘* I have compared, in the case of several solide, the results obtained 
‘6 by your mode of computation with those resulting from the ordinary and 
‘6 more lengthy processes, and congratulate you sineerely on your enunciation 
‘6 of a formula so brief and simple in its character and 80 precise and satiefac- 
6 tory in its results.” Mr. Baillairgé also took occasion during his lecture to 
allude, in other relations, to his treatise on geometry and mensuration, in which 
he showed he has introduced many important modifications in the usual mode 
of treating the subject of plane and spherical geometry and trigonometry. 
In conclusion, we must add that the Council of Public Instruction, at its 
last meeting, appointed a Committee, composed of the Lord Bishop of 
Quebec, and of Bishops Langevin and Larocque, to report to the Council at 
its next general meeting in June, and who, it may be taken for granted, 
after the many flattering testimonials in relation to the utility and many 
advantages of the stereometrical tableau for purposes of education, cannot 
but recommend and direct its adoption in all the schools of the Dominion. 
—From the Quebec ‘ Daily Mercury ’ march 26 1872. 





Oxr progress and success are of course attributable, before all, to your 
perfect mastery of the subjects of which you treat, and to the clear and 
concise manner in which you enunciated and demonstrated the several pro. 
positions introduced to our notice; but neither must we omit to say tha 
our intelligence of the problems and demonstrations has been greatly facili_ 
tated by our access and reference to the models of your ‘“ Tableau. ” 
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We deem it not out of place to remark that in our opinion the word 
té Stereometrical ” which you have prefixed, as qualitative of the uses that 
your ‘ Tüubleau ”” can be applied to, is not suggestive enough of the many 
advantages which such a varied collection of models presents ; for, not 
only is it of paramount importance and utility, as illustrative of your system 
of mensuration, by one and the same invariable formula, implied in the 
title at che head of the board ; but, we hesitate not to say that to the use of 
the ‘! Tableau ” we are indebted in an eminent degree for the singularly 
rapid progress we have been enabled to make since the 4tn of January last 
(only 30 lessons) not only in Geometry proper and in the Mensuration of 
surfaces and eolids, both plane and spherical ; but also in the study of 
geometrical projection and perspective, shades and shadows, the develop- 
ment of suriaces and the lines of penetration of divers solids, &c., &c.— 
From an address to Chs. Baillairgé, professor of the school of Arts. 





Québec, 6 Septembre 1872. 
Moxsteur,— J’ai le plaisir de vous annoncer que le Conseil de l’Ins- 
truction Publique vient d'approuver votre Tableau et suis heureux de vous 
eu féliciter. 
Bien sincèrement, Votre tout dévoué, 


C. Bantacé, Ecs. P. J. O. CHauvear. 


Quebec, 9th January 1872. 
G. W. WEAvER, Eso. 


President of Board of Arts $& Manufactures. 


My Dgar Sir, —Our evening class began last week. I am happy to say 
every thing looks promising and we have been fortunate enough, to secure 
again Mr. C. Baillairgé’s invaluable services, as teacher, for this winter. 


We have procured from him, for our school, the ‘‘ Sfereometrical 
Tableau ’’ which is his invention, and I am so delighted with it, that I send 
you a photographie representation ofit, and a number of letters and other 
documents printed which will serve to explain the tableau, and show at the 
same time how useful it is considered by the most eminent authorities in 
this country. 

You ought to get the tableau for your schools at Montreal. You showed 
me Jast year when I visited your schools, several wooden models of 
geometrical figures ; I was etruck with their usefulness at the time, and 
thought of procuring some for our schools, but there are only a few of them 
and their price is very high. Mr. Baillairgé’s Tableau costs only fifty 
dollars, and it contains {#0 hundred geométrical figures. I fancy the col- 
lection embraces every variety of figure that can ever be required for practi. 
cal use. 
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They are solid figures made of wood, each fixed on a nail, 80 that they 
can be taken off by the teacher for demonstration and handed to the pupils ; 
who are enabled to understand and master their divers shapes and forms 
with much greater ease, than if they saw them drawn on a black board, or 
in a book ; the difference is enormus. 


In addition to the great help they afford, for the study of geometry, 
these figures are very useful as models ‘for earthworks, piers, reservoirs, 
castings, roofs, domes, columns, cauldrones, &c., &c., &c. 


The tableau is most useful too for the working out of that wonderfully 
simple rule, which has been‘applied by Mr. Baillairgé, for che first time, 
to the measurement of the solid contents of all bodies. It was known pre- 
vious to his discovery to apply to a certain number of bodies, but he has 
found out that it applied to all without exception. You will find that rule 
in the papers I send you, and in his treatise on geometry. I will soon let 
you know, what progress the school is making and remain, my dear Sir. 


Yours truly, 
(Signed,) H. G. Jorx. 
President Quebec School of Art. 





ssnenssnsssensse Cette formule est véritablement curieuse par sa gé- 
néralité et mérite d’être recommandée. 


csssuse sure Enfin j'ai accompli cette tâche, et voici le résultat : 

—L'auteur démontre sa formule comme rigoureusement exacte pour un 
grand nombre des corps énoncés, et comme aussi approximative qu’on vou- 
dra pour ceux auxquels elle ne s'applique pas d’une manière absolument 
rigoureuse. J’ai vérifié soigneusement la démonatration de la formule pour 
les lers çorps, ceux auxquels elle s'applique rigoureusement. La proposi- 
tion et la démonstration sont exactes et vraies dans tous ces cas. 

Quard aux autres corps, il est vrai que plus on multipliera les sections, 
suivant le besoin, plus l'approximation sera proche de la vérité. 

nnnnnssssssosse Je finis en disant que j'approuve et recommande la 
méthode de Monsieur Baïillairgé telle que proposée par lui.—Lettre du Rév. 
L. Billion professeur de Math. Séminaire de St. Sulpice, Montréal, à Mgr. 
Larocque Evêque de St. Hyacinthe. 
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4 Montreal Gazette” 13 November 1873. 


EpucarTioNal.—Last evening, Mr. C. Baillairgé, C. E., and Mr. J. 
Carrel, both identified with the Quebec School of Art, visited the rooms of 
our Art School in St. James street, Mr. Baillairgé there exhibited his 
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stereometrical tableau, and explained his system of teaching solid geometry 
by a method so simple as to bring this hitherto difficult subject within the 

grasp of ordinary students The tableau cannot fail to make easy and popu- 
Jar the study of solid forms and the mode of measuring their surfaces and 
their solidities and volumes. This tableau or board, which is made up of 
some two hundred models, comprises almost all the elementary forms which 
it is possible to conceive. To compute the volumes or cubical contents of 
the solids, Mr. Baillairgé has found that it is necessary only to apply the 
following rule: To the sum of the parallel end areas add four times the middle 
area, and multiply the whole by one sixth part of the height or length of the 
solid. The whole difficulty is, therefore, reduced to measuring the areas of 
the opposite bases and middle section, the remainder of the work being a 
mere multiplication. This system, it appears, has attracted considerable 
attention among mathematicians and educational authorities both in this 
country and in Europe, and its introduction into several ofthe colleges and 
gchools in Quebec has led its author to seek its adoption in similar institu- 
tions in Montreal. The stereometrical tableau is well worthy ofthe attention 
of those engaged in educational work. 





ns. o ....The extraordinary progress made by the pupils, in the 
short space of three months, in stereometry or the mensuration of solids, is 
attributable to the grand and important discovery by their professor, Mr. 
Baillairgé, of a rule, one and the same, applicable to every known form, 
from a pyramid to a sphere, from a stick of timber to a vessel or other body 
of any shape or dimensions. 


nsssssessseus We have seen them in a very few minutes by the help 
of Mr. Baillairgé’s new and beautifully simple and accurate rule arrive at 
the number of gallons in a cask of any size or shape. We have seen them 
determine by the same rule the exact weight of a shell, the true contents 
and weight of a hollow cast-iron colum, the size and weight of a pontoon 
and its draught of water.—From the Saturday Budget of May 6, 1871. 





ennnmssssse .-...In the instances which I have subjected to critical 
analysis, I have found the rule to work most admirably—combining com- 
prehensiveness, utility with simplicity and great exactness. It will render 
a study heretofore charged with difficulty and abstruseness at once easy and 
acceptable—modernizing that which was ancient and which from its multi- 
tudinous formulæ had become an isolated branch of Mathematics. Believ- 
ing it to be of universal use, I sliall heartily lend myself to the introduction 
of your system. 

Hozario R. N. BiGeLow, 
Quebec decr. 26, 1871. M. A. 
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I have compared, in the case of several solids, the results obtained by 
your mode of computation with those resulting from the ordinary and more 
lenthy processes, and congratulate you sincerly on your enunciation of a 
formula s0 brief and simple in its character and s0 precise and satisfactory 
in its results. 

E. T. FLerones, 


Inspector of Surveys Dept. of Crown Lands. 
Québec 27 decr. 1871. e 





e 
J'ai lu attentivement les appréciations que nombre d’hommes compé- 

tents ont faites de votre donnée réellement merveilleuse, dans les solutions 

Stéréométriques quelconques, et j’y donne mon plein assentiment. 

J’ai eu occasion d’en remarquer la justesse, il y a un au, en préparant 
quelques élèves pour l'étude de l’arpentage, et je puis dire que toutes les ap- 
plication que j'en ai faites ont été des plus satisfaisantes. 

Veuillez bien me considérer comme votre souscripteur. 


Cox. Dureesxe. 
* ‘ Professeur de Mathématiques, etc. 
Collège de Montmagny 4 Janvier 1872. 


snsssssreusses I shall be -delighted to see the old tedious processes 
superseded by a formula 80 simple and 80 exact. 


À. N. McQuareie, B. A. 
Professor of Mathematics, etc., at the Morin College. 
Quebec 31st Jany. 1872. : 


ss What pleases me most is your Stereometrical Ta. 
beau as, under the direction ofthe Revd. Superior, I am now engaged in 
certain theoretical studies relating to this formula which your are about to 
render famous. 

The more one examines, the more deeply one looks into this formula of 
the ‘ cubing of bodies, ””’ the more one marvels (plus on est enchanté) at 
its simplicity, its clearness and especially its great generality. 

Nor can I do otherwise than hope it may, as well in theory asin 
practice, assume the place which it is entitled to and that thus your efforts 
may be fully crowned with success. 

L. F. N. Marneui, Prec. 


Professor cf Mathematics, 
Seminary of Quebec 25th November 1871. 
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snsnensonourss. Je vous déclare donc, monsieur, que je recommande 
vivement l’adoption de votre Tableau Stéréométrique, et vous prie de m’en 


faire connaître le coût probable. 
T. Boivix, Ptre. 


Collège de St. Hyacinthe 8 Janvier 1872. 


Please to accept my sincere thanks for the copy of your excellent 
Treatise on Geometry, Trigonometry, &c., which yon kindlÿ sent me some 
time ago. I have perused its pages with deep interest. In my humble opi- 
nion it is a complete success ; whether we consider its admirable arrange- 
ment, the clearness and conciseness of its demonstrations, or the amount of 
valuable knowledge it contains. Your Book on Mensuration is a boon to 
every practical mathematician, and your remarkable Theorem for finding 
the contents of any solid, is sufficient, of'itself, to immortalise its originator. 
In a word, your work merits a distinguished rank among the ablest produo- 
tions on the exact sciences. The flattering and well.merited praise lavished 
on it by the press, both English and French, is sufficient guarantee that it 
meets the approbation of the public. 

Your Treatise is ueed as a book of reference by the pupils of onr 
Academy. 


Commercial Academy, 25 Feb. 1868. 


Bo. ANTHONY. 





The January Session of the Board of Examiners for Land Surveyors 
for the Province of Quebec. 1872.— Ertract from the minutes. ° 
Moved by the President, Adolphe Larue, Esq., and seconded by E. T. 

Fletcher, Esq., and resolved : 

4 That the Board of Examiners for Land Surveyors, having taken into 
consideration the Stereometrical Tableau of Charles Baillairgé, Eeq., Civil 
Engineer, aud the very neat and precise formula connected therewith, desire 
to record their opinion of the utility and importance of this formula, and 
coincide wholly with the opinions 'expressed by those to whom it has been 
already submitted, and further they would recommend that the Board be 


provided with one of these Tableaux. 
ÂLEXAXDER SEWELL, 


Quebec, January 2nd, 1872. Secretary of the Board of Surveyors. 
Paris, 10 Janvier 1872. 
Mowsizur CHARLES BAILLAIRGÉ, à Québec, 
Cher Mongieur,—Aujourd’hui seulement, j'ai pu déposer votre de- 
mande de brevêt et je m'empresse de vous en envoyer le bulletin de dépôt 
qui vous donne le droit de brevêt à partir de ce jour, 10 Janvier. 
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Envoyez-moi maintenant votre tablbau-modèle le plustôt possible, j'en 
ai parlé à plusieurs membres de l'académie, entre autres à Littré qui désire 
beaucoup le voir. 

Messieurs Humbert et Noë, président et secrétaire de la société pour la 
généralisation de l'instruction en France sont trèssimpathiques à votre 
œuvre et se proposent de vous faire réoompenser à leur prochaine assemblée 


générale. 
V. VANNIER. 


No. 94. rue de Lévis, Paris, 


8er. 2, No. 256. Education Office, Province of New Brunswick, 
FanDeriCTON, JANUARY 25rx 1872. 
C, Baruraimaé, Ese., Quebec. 

Dear Sir,—1I am instracted by the Board of Education for this Pro- 
vince to apply to you for a set of your Slereometric Tableau and your 
text-book on Practical Mathematics. The Board desire these articles for 
inspeetion, with a view of prescribiug them for general use in all the Schools 
of this Province, should they be deemed suitable for the purpose. Should 
there be any charge for these articles, the same will be met by this Depart- 


ment. 
Your Obdt. Servt., 


Tasoponz H. Rav. 





Mr. Baïillairgé’s Stereometrical Tableau seems to me to bea very useful 
arrangement for showing the variety and extent of the applications of the 
Prismwoidal Formula. Where demonstrations are given in the study of 
Mensuration of Solids, it will aid a teacher in illnatrating the rules, but it 
would probably be much more valuable to those who try to teach that study 
without introducing démonstrations of the rules. 

\ H. A. Newton, 
Yale College, Feb. 6th 1872. Prof, of Math. in Y. College. 


lens 


No. 13567. Subj. 995. Ref. 20814. Department of Public Works, 
Orrawa, FEsy. 7th 1872. 
&ir,—In reply to your letter of the 26 ulto., I am directed by the Minie- 
ter to request you to furnish the Department with one of your ‘‘ Tallleau 
Stéréométrique ’’ at the price of Fifty dollare, together with your account 
for the same. 
I have the honor to be, Sir your obt. servant, 
Che. Baillaïrgé, Esq. F. BRAUX, 
Architect, etc., Quebec. Secretary. 
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New Haven, Fes. 7th 1872. 
Cus. BariraireË, Eso., 

Dear Sir,—I have been much interested in looking over the papers 
descriptive of your useful, valuable and (as it very plainly appears) univer- 
sal application of a rule for the mensuration of eolids. I sincerely congra- 
tulate you on the success which your discovery has met with in all quarters 
in which it has at present been introduced. It must have been a'grent 
labour to work it out toits present state of perfection and you have the 
satisfaction of knowing that you are a benefactor and staunch pilot in that 
sea of difficulty : Geometry. 
Yours very aincere}y, 

E. B. Bansse. 





Hieu Scuoot, Quesec, 7th Fes. 1782. 
Cas. BaïrLLaïRc£, Esa., 


My Dear Sir,—1I beg to acknowledge with many thanks the receipt of a 
number of papers explanatory of your new formula for finding the contents 
of solid bodies. 

The rale is precise and simple, and being applicable to almost dry 
variety of solid, will greatly shorten the processes of calculation. X have 
proved its accuracy as applied to several bodies. 

The Tableau comprising a’ great variety of elementary models will 
serve admirably to educate the eye and must greatly facilitate the etudy of 
solid mensuration. 

The Government would confer a boon on schools of the middle and 
higher class by affording access to 80 suggestive a collection. 


I bave the honor to be, my dear sir, your obedient servant, 
D. Wizxie, : 
Rector. 

csssnsssmessuene Votre travail est d’une utilité supérieure, Votre 
formule est destinée, ce me semble, à simplifier de beaucoup les opérations 
dans le toisé des corps, et à rendre, par là, des services sigaalés à l’engei- 
gnement comme à l'application de cette partie importante des mathé- 
matiques. 

Aussi mon plus grand désir est-il de voir adopter votre formule et votre 
tableau par nos Maisons d'éducation. 

En finissant, j'ai l'honneur de vous informer que nous adopterons votre 
système, comme partie de notre enseignement. 

J. C. Cursse, Pres. 
Préfet des Etudes au Collège de L'Assomption. 
Collège L'Assomption, 27 Janvier 1872. 
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css e ....From Formulæ evolved by the Calculus, I find tha 

your Theorem holds good ‘‘ ror ALL 8oL1Ds produced by the RxvoLuTIoN 
‘(of any STRAIGET LINED FIGURE, Or Of Any CURVED LINED FIGURE of the 
‘{gecond degree, AnouND ANY Ax18 within or without the figure in either case."? 
As to its application to all regular Polyhedrons, you give in your Treatise 
a clear Demonstration of the fact. I have reason, moreover, to suspect that 
your Theorem holds good, with mathematical exactness, in more cases than 
you give it credit for. I hope soon to be able to present you with an analytical 
Demonstration of your theorem as applied to solids of Revolution. 


Needless to say that your Stereometrical Tableau should be in use in 
every school where Mensuration ie taught within the Dominion. 


In conclusion, let me congratulate you on the highly remarkable, and 
deeply useful discovery you have made. 


Quebec, 26 decr. 1871. J. O’FARRELL. 





El n’y a pas besoin d’une longue dissertation pour faire voir quelle im- 
mense ntilité offre un pareil tableau. Tous les professeurs qui ont enseigné 
la Géométrie dans l'espace et la Géométrie descriptive savent que, dans 
les classes les mieux composées, il y a toujours un certain nombre d'élèves, 
très intelligents d’ailleurs, qui éprouvent des difficultés souvent insurmon- 
tables, à s'imaginer exactement, d’après des lignes tracées sur un tableau 
noir ou sur le papier, la formé exacte d’un solide, Le tableau de M. B. 
supprime totalement ces difficultés. ‘Quand on voit il faut bien croire, et 
dans toutes les classes ou l’on emploiera ce tableau, tous les élèves seront à 
même de suivre aisément et de comprendre les explications du professeur. 


Il serait trop long de détailler ici les avantages qu'offre le même tableau 
pour calculer le volume d’un corps quelconque. Ce corps fut-il de la forme 
Ja plus bisarre, on trouvera, daus le tableau de M. B., une ou plusieurs 
figures qui représentent approximativement ce corps ou les parties dans les- 
quelles on peut la décomposer, et il deviendra dès lors facile de calculer, du 
moins avec une erreur très faible et inappréciable dans la pratique, le vo- 
lame d’un corps de forme quelconque. 

Ottawa, le 27 x bre 1871 E. B. pe Sr. Ausix, 





(Extrait du Courrier du Canada, ler Octobre 1873.) 


Nous apprenons avec plaisir qu’une nouvelle médaille d'honneur vient 
d’être décernée à un canadien par une société française. M. Chs. Baillairgé 
de cette ville, a reçu cet honneur de la ‘ Société pour la généralisation de 
l'instruction en France, *’ et il est en même temps nommé membre hono- 
rajre de cette société. Nos félicitations à M. Baillairgé qui par son travail 
contribue à faire connaître son pays à l'étranger. 
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ie Stereometrical Tubleau.’'—]In a large number of schools in Germany 
the pupils are taught, from the time they commence the alphabet, to judge 
of color and geometrical form by the regular use and comparison of colored 
slips and small blocks of wood representing the elementary principles which 
will, in after years, be called into study. The advantages of this early 
training are very manifest, as all are aware ofthe superiority of this nationa.- 
lity in that branch of science. An exceedingly ingenius device for the etudy 
of forms has been invented by Mr. C. Baillairgé, a native of Quebec, and 
patented in the United States, Canada, and Europe. It consists of a board 
about five feet long, and three feet wide, on which are placed some two 
hundred models, comprising, 80 to say, all the elementary forms, their 
segments and sections and numerous other solids, both simple and compound. 
The instruction conveyed by this tableau, appealing as it does to the une- 
ducated eye and mind, is, the inventor thinks, destined to be of great use in 
developing the intelligence of the beginner and the untaught masses of 
mankind, M. Baillairgé is in possession of a mass of printed testimonials 
from high officials and other distinguished men in Canada and Europe, 
together with reports from educational institutions, all high]y complimentary 
to him and the invention. À specimen of this stereometrieal tableau may 
be seen at No. 7 Park street, of this city, in the possession of Mr. S. W. 
Townsend ; and we would recommend our teachers to call and inspect it, 
believing as we do that this method of training should be considered as a 
subject of great importance.—Hamilton Datly Spectator 19 Sept. 1873. 
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Our engraving is a perspective view of the above named'educational 
device, which has been patented for its inventor, Mr. C. Baillairgé, of 
Quebec, in the United States, Canada and Europe. It consists of a board, 
about five feet long and three feet wide, with some two hundred wooden mo- 
dels, comprising, so to say, all the elementary forms, their segments, and 
sections, and numerous other solids, simple and compound. 


The tableau is set in an appropriate frame, with glass covering, 80 as 
to exhibit the models while excluding the dust. The front can be opened at 
pleasure 80 as to afford access to the models, each of which is merely sup- 
ported on the board by a round nail or wire, which admits of its easy remoyal 
and replacement by teacher or pupil. The instruction conveyed by this 
tableau, appealling, as it does, to the uneducated eye and mind, is, the in- 
ventor thinks, destined to be of great use in developing the intelligence of 
the untaught masses of mankind. He expects to introduce it into all the 
educational institutions of the United States and elsewhere, as it is now 
being disseminated in Canada ; and he has no doubt that the tableau will 
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also find its place in the studio of the engineer and architect, to whom the 
models will be suggestive of various forms and relative proportions which 
cannot fail to aid them in their pursuits. The rapid success attained by a 
gchoo]) in Quebec, in mensuration of all kinds of surfaces and yet higher 
mathematics, including conic sections, was attributed to the use ofthis 
tableau. Every tableau is inscribed with a rule for finding the solid con- 
tents of any body, called ‘the prismoidal formula.” This formula has 
been shown, by Mr. Baillairgé in his treatise on geometry and mensuration 
published in 1866, to be less restrictive than supposed, and he has added to 
the known solids, measurable thereby, a long list of others discovered by 
him, the whole of which are given in the tableau. Each tableau is also 
accompanied by a printed treatise, explanatory of every use to which the 
models can be put. Mr. Baillairgé is in possession ofa mass of testimonials, 
from high officials and other distinguished men, both in Canada and Europe 
together with reports of various educational and other institutions, all highly 
complimentary to him and his invention. 


Dr. Wilkie, of Quebec, thinks ‘the government would confer a boon 
on schools of the middle and higher classes by affording access to 80 sugges- 
tive a collection ; ’’ and Professor Newton, of Yale College, considers the 
tableau ‘‘ of great use for showing the variety and extent of applications of 
the prismoidal formula. ”’—Stcientific American June let 1872. 





Worcesrer FRE8 INSTITUTE. 


Worcester, Mass., 24 July, 1873- 
This is to certify that I have carefully examined Baillairgé’s models as 
applied by him to the teaching of mensuration by the prismoidal formula 
and I consider them eminently useful in all schools where mensuration is 
taught. 
(Signed,) C. O0. Taowpsor, 


° Principal Wr. Free Inst. 





—Geometry, Mensuration and Stereometrical Tableau, by CHares 
BAILLAIRGÉ, civil engineer, &c.; Middleton et Dawson, éditeur, Québec, 
1872. 

M. E. Blain de St. Aubin, donne l'appréciation suivante du travail de 
M. Baillairgé : 

— On sait quelle série interminable de règles ou formules, dont plu- 
sieurs très-compliquées, les anciens traités de géométrie donnent pour le 
mesurage des solides. M. B. n’en a qu’une qu'il énonce comme suit et 
démontre clairement être applicable à toute espèce de solides, si bizarres 
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que puissent être leurs formes, —‘* À Ja somme des surfaces des bases paral- 
lèles du solide à évaluer, ajouter 4 fois la surface au centre et multiplier le 
tout par la sixième partie de la hauteur ou longueur du slide.” 


C'est dans le but de populariser l’usage de cette règle que M. B. a eu 
recours à son Tableau Sléréumétrique. ! Ce tableau, dit M. Baillairgé, 
est un cadre où sont placés environ 200 modèles différents de solides; 
chaque modèle peut être déplacé à volonté, en sorte qu’on peut le mettre 
entre les mains de l’élève pour qu'il l’examine. Le f26leau comprend 
toutes les formes élémentaires imagilables de solides, depuis le prisme or- 


dinaire jusqu’au cône concave, etc...... y AC. smrsnonsssonsse ‘Sur 
chaque modèle, —dit plus loin M. B.—est tracée une ligne qui indique la 
nature et les dimensions de la section du milieu.................. ss 77 


On conçoit aisément les avantages que présente l'emploi de ce Tableau. 
L'élève doit apprendre en fort peu de temps la manière d'appliquer sûre- 
ment l’unique formule, énoncée tout à l’heure, au calcul du volume de 
chacun des 200 solides contenus dans le Tableau ; et. plus tard, dans la 
pratique, il s’habituera vite à décomposer un solide quelconque en parties 
se rapprochant, par la forme, des modèles qu’il a ainsi étudiés. 


Quant aux solides de formes comparativement régulières, tels que 
pièces de bois, blocs de marbre ou de pierre, réservoirs et chaudières dans 
les usines à vapeur, les distilleries, etc., l'application de la formule de M. 
B. offre des facilités et des avantages qui défient tout concurrence, et nul 
doute qu’elle se répandra universellement au grand avantage de tous les 
praticiens. Telle est, du reste, la prédiction que n’ont point hésité à faire 
plusieurs savants étrangers qui ont eu connaissance de la découverte de M. 
Baillairgé; et nos meilleurs professeurs canadiens sont tous du même 
AVIS... .ossscomensnoureee nssoosnotcesenersssomnssne su. 


—Journal de l’Insiruction Puplique, No. 1873. 





Je me réserve de revenir bientôt sur le tableau stéréométrique de M. 
Baillairgé, ou nouveau système de toiser tous les corps, segments, troncs 
et onglets de ces corps par une seule et même règle. Ce travail, d’une im- 
portance majeure, comme tout ce qu'a produit M. Baillairgé, est marqué 
au cachet de l'utilité pratique. C’est un esprit progressiste, un jugement 
rare et une forte conception, qui ont présidé à son exécution. En le cou- 
ronnant d’un premier prix et d’un diplôme, le juré a su rendre témoignage 
au mérite, et nul doute que nos colléges et autres institutions de première 
classe ratifieront cette appréciation en l’introduisant dans leurs classes pour 
aider l’enseignement ardu des mathématiques.—L'Opinion Publique. 


Sept. , A. N. Moxtperrr. 
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No. 2272-71. Ministère de l'Instruction Publique. 


° Quésec, ce Sept. 1872. 
C. BarcraIRGÉË, Ecuyer, Québec. 


Monsiear.—J'ai l'honneur de vous transmettre, sur l’autre feuillet, 
copie de la résolution adoptée par le Conseil de l’Instruction Publique, ap- 
prouvant votre ‘Tableau stéréométrique pour toiser tous les corps, seg- 
ments, troncs et onglets de ces corps,” ainsi que votre ‘‘ Nouveau traité de 
géométrie et de trigonométrie rectiligne et sphérique, suivi du ‘‘ Toisé des 


surfaces et des volumes.'’ 
Louis Grarn. Secrétaire-Archiviste. 





Journal de l’Instruction Publique, Not. 1872. 
TABLEAU STÉRÉOMÉTRIQUE DE M. BAILLAIRGÉ. 


Nous avons déjà eu occasion de parler de ce tableau, et de l'impulsion 
extraordinaire qu’il doit donner l'étude du toisé. L'auteur a, depuis ob- 
tenu les certificats les plus flatteurs de tous les hommes compétents sur 
cette matière. Le tableau, avec la formule qui l'accompagne, est appelé, 
au dire de tous, à faire une véritable révolution dans les méthodes de me- 
surage pour les solides.” .Le conseil de J’instruction publique, à sa dernière 
séance l’a approuvé, avec le ‘ Traité de géométrie *’ du même auteur. Ce 
tableuu, de cinq pieds par trois contient deux cents modèles en bois, com- 
prenant toutes les variétés de formes, depuis lee corps les plus simples 
jusqu'aux corps les plus bizarres et les plus difficiles à toiser. Ces modèles 
sont mobiles et ne sont fixés au tableau que par une petite tige en fer, de 
sorte que les élèves peuvent les examiner et les étudier de main en main. 
L'auteur espère que son œuvre, tout en simplifiant et en facilitant les 
calculs du savant, aura surtout pour résultat de mettre à la portée de tous, 
une science demeurée jusqu'ici, par ses difficultés presque insurmontables, 
en dehors des atteintés du plus grand nombre. Tousles colléges et les 
écoles trouveront dans le ‘ Tableau etéréométrique *’ un puissant moyen 
de progrès sûrs et rapides. 

Nous en publions ci-dessous une gravure, et nous renvoyons le lecteur, 
pour de plus amples détails, à notre bulletin bibliographique, où un 
honime expert en cette matière, M. Blain de St. Aubin, en fait une excel- 
lente appréciation, dans le compte-rendu qu’il donne d’une conférence lue 
par M. Baillairgé, devant la Société historique de Québec. 





Extrait du Courrier du Canada du 20 Août 1873. 
TABLEAU STÉRÉOMÉTRIQUE DE CHS. BAILLAIRGÉ, ECUYER. 
Monsieur le Rédacteur, 
M'accorderiez vous dans les colonnes de votre bienveillant journal, 
quelques lignes touchant un object bien paisible, malgré que nous soyions 
dans un temps de grande agitation ? Je désire appeler l'attention du 
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gouvernement loeal sur un sujet qui concerne l’enseignement public : je 
veux parler du tableau stéréométrique de M. Chs. Baillairgé et exprimer 
mou humble opinion sur les résultats pratiques que peut avoir cette étude 
pour les professeurs et les élèves. 


Si l’on en juge par les témoignages partout obtenus, ce tableau est 
destiné à une grande renommée. D'ailleurs cette renommée s'étend au- 
jourd'hui non-seulement dans les différentes Provinces de la Puissance, 
mais même aux Etats-Unis, en Europe, en France surtout, d’où sont 
venus à M. Baillairgé les éloges et les recommandations des plus hautes 
autorités compétentes. 


Plusieurs de nos maisons d'éducation l’ont mis en pratique, et en ont 
obtenu des résultats qui dépassent toutes prévisions. Les dames Ursulines 
de Québec, les premières, ont mis le tableau et la formule de M. Baillairgé 
en usage, avec tant de bonheur, que toutes les autres communautés reli- 
gieuses ont décidé de suivre cet exemple, convaincues qu'elles sont de 
l'utilité et des grands avantages qu'offre ce précieux travail de notre dis- 
tingué mathématicien. Outre les Révérendes dames Ursulines les Révé- 
rendes sœurs de la Congrégation de St. Roch, les sœurs de la Charité, celles 
du Bon Pasteur, et les dames du couvent de Jésus-Marie sur le chemin du 
Cap-Rouge, ont toutes décidé que leurs élèves seraient interrogées sur ce 
tableau aux prochains examens. 

Un de mes amis, inetituteur diplômé d’Ecole académique, ne craint 
pas d'affirmer qu’à l’aide de la formule et du tableau stéréorétrique, il 
ferait comprendre en quelques leçons seulement, à un élève, ayant 
des aptitudes ordinaires, les toisé de toutes espèces de solides avec plus de 
succès qu’il ne l’a jamais pu obtenir, en un an, et même en dix-huit mois, 
avec les formules suivies jusqu’à présent. C'est si simple, si clair, dit-il, 
que ça saute aux yeux même des enfants.”? 

Quant à moi, M. le Rédacteur, lié d'amitié avec plusieurs instituteurs ‘ 
possédant leurs diplômes d’Ecole Modèle, je conuais leur opinion et sais 
leur désir d'enseigner, par le moyen de cette nomenclature. Tous s’accor- 
dent à dire que l'ouvrage de M. Baillairgé répandra nécessairement le goût 
des mathématiques dans cette province. Ce serait donc un bien grand 
service à rendre au pays, à la jeunesse canadienne, ‘que de distribuer cet 
ouvrage reconnu d’une si grande importance. 

Comme la plupart des instituteurs sont peu rénumérés et que leurs 
ressourèes pécuniaires eont très-limitées, nous ne pouvons même pas dési- 
rer que ces hommes de sacrifice achètent, de leurs propres deniers, un 
tableau qui, par les études et le temps qu’il a coûtés, est audessus de leurs 
moyens. 

Déjà le gouvernement du Nouveau-Brunswick a répandu ce tableau 
dans toutes les écoles de cette province. L’Honorable M. Chanveau, mi- 
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nistre de l’Instruction Publique, en en reconnaissant tonte la valeur, s'était 
engagé envers l’auteur à le faire répandre dans nos écoles et nos maisons 
d'éducation, et le bureau des Travaux Publics en a distribué un grand 
nombre d'exemplaires, pour guider ses employés dans tous les mesu- 


rages. 

I est donc à espérer que le gouvernement local prendra en considé- 
ration le désir unanime des hommes qui s'occupent de l'instruction publi- 
que, et pourvoiera libéralement les instituteurs d'écoles académiques et 
d'écoles modèles de ce tableau si précieux et destiné à toute une heureuse 
révolution dans l’enseignement des eciences mathématiques. Ce sera en 
même temps un bienfait pour la jeunesse studieuse et un honneur pour 
notre gouvernement, qui le premier aura encouragé ce mode d'enseignement 
simple, pratique, et fructueux. 


Ux AMI DE L'ÉDUCATION ET DU PROGRÈS. 





(Extrait d'une lettre de Aug. Humbert à V. Vannier.) 
* Paris, le 4 Août 1872. 
J'ai fait recevoir M. Baillairgé Membre Titulaire de la Société de Vul- 
garisation pour l'enseignement du Peuple. 
À défaut de son tableau que nous n’avons pas, j'en ai exposé la photo- 
graphie à Paris et à Lyon. 


Son tableau appelle tous les regards à l’exporition, on m'interroge, on 
me demande des explications que j'ai données de mon mieux, et cela in- 
téresse beaucoup. J'ai donc tout lieu de compter sur un succès. 





Extrait d'un Journal de Paris du 16 Août 1873. 
TABLEAU STÉRÉOMÉTRIQUE 


Nouveau système de loiser tous les corps, quelles que soïent leurs Jormes, 
par une seule et même règle : par C. BAILLAIRGE, Architecte, elc., 
° à Québec (Canada.) 


M. C. Baillairgé, architecte du gouvernement à Québec (Canada), 
nous a adressé un tableau qu'il appelle stéréométrique. 


Ce tableau, espèce d’armoire, contient deux cents petits solides en bois, 
affectant deux cents formes différentes, sphères, dermi-sphères, segments, 
cônes, troncs de cônes, pyramides, troncs de pyramides, polyèires les 
plus variés, onglets, etc. ; —enfin figurant toutes les formes élémentaires de 
solides qu’on peut rencontrer dans les arts, la construction et la nature. 
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M. C. Baïllairgé donne, inscrite en tête de ce tableau, pour trouver 
le volume d’un de ces deux cents corps, une formule qui pourra s’appli- 
quer à un corps quelconque de Ja nature, car son volume pourra toujours 
se décomposer en un de ceux compris dans le tableau ou s'en rapprocher 
infiniment. 

Voici cette règle : 

A la somme des surfaces des extrémités parallèles ajouter quatre 
fois la surface au centre, et multiplier le tout par la sirième partie de 
La hauteur ou longueur du solide. 

Cette formule est évidemment d’une simplicité extrême et abrégera 
considérablement les calcule pour les hommes qui s'occupent spécialement 
de mesurage et de métrage, —tels que les toiseurs-vérificateurs, les mesu- 
reurs, jaugeurs des contributions indirectes et des douanes, les arpenteurs, 
géomètres, constructeurs, architectes et ingénieurs. 

Quant aux élèves des maisons d'éducation, des écoles d’arts-et-métiers, 
il est bon de leur faire connaître une méthode abrégée et se rapprochant 
infiniment de l’exactitude. Mais nous pensons qu'il convient de leur en- 
geigner comment on arrive par les données de la science à formuler cette 
régle universelle. 

Si l’on doit éviter de donner trop de temps aux études théoriques, il 
faut bien prendre garde à- l'excès contraire. Le jeune homme dont toute 
la science consiste en une mémoire bien farcie de formules dont il ne sait 
pas retrouver les éléments est toujours un praticien bien embarrassé, lors- ° 
que les conditions du travail qu’il a à remplir sortent des données or- 
dinaires. 

Ce sera un bon caboteur, si vous le voulez, qui manœuvre bien son 
navire en vue des côtes; maie, une fois en pleine mer, il sera désorienté, 
ne sachant ni faire le point, ni déterminer sa position par le calcul. 

M. Baillairgé, du reste, paraît être complètement de notre avis, car, 
antérieurement au tableau dont nous parlons, il a publié un excellent 
ouvrage sur la géométrie et la trigonométrie, dans lequel il a développé 
une foule de questions pratiques, de théorèmes et de formules remarquables 
par leur nouveauté, parmi lesquelles 8e trouve celle que nous venons d’ex- 
poser concernant la mesure des solides de forme quelconque. 

Cet ouvrage a attiré à M. Baillairgé les 6loges mérités des hommes 


compétents du Canada. 

Nous regrettons vivement que l’ouvrage n'ait pas accompagné le ta- 
bleau qu’on nous a adressé ; le compte-rendu que nous avons entrepris y 
aurait gagné en intérêt et en clarté. Réduits aux éléments ordinaires de 
la science, nous sommes entraînés à des calculs trop longs, et probable- 
ment par des sentiers moins directs que ceux indiqués par l’auteur, pour 
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que nous vous invitions à vérifier avec nous l’exactitude de la règle donnée 
par M. Baïillairgé. A ceux à qui la trigonométrie et la géométrie descrip 
tive sont familières, nous dirons: Faites comme nous, cherchez et vous 
trouverez.—À ceux qui travaillent pratiquement, nous couseillerons d’ap- 
pliquer la règle que nous indiquons à un solide quelconque, dont ils savent 
mesurer le volume par une autre méthode, et ils se rendront compte de 
l'exactitude de la formule par la similitude des deux résultats; d'où ils 
concluront que ce qui est vrai pour un cas le sera pour l’autre. 


On reconnaîtra ainsi que la formule est mathématiquement exacte, pour 
les prismes et prismoïdes, cylindres et cylindroïdes, droits ou inclinés, pyra- 
mides régulières, et irrégulières, et les troncs de ces solides entre bases 
parallèles, pour le cône droit ou oblique et son tronc entre bases parallèles, 
pour la sphère ou le sphéroïde et tout segment ou tronc de ce corps séparé 
du solide entier par un plan incliné d’une manière quelconque aux axes 
ou diamètres, ou compris entre deux plans parallèles quelconques, pour les 
conoïdes paraboliques et hyperboliques droits ou inclinés et les troncs de 
ces solides compris entre plans parallèles; et ces divers solides constituent 
dans leur ensemble la presque totalité des solides élémentaires que l’on 
puisse être appelé à évaluer. 


Il n'y a que pour les fuseaux seuls et les onglets que la formule n'est 
pas mathématiquemeut exacte, mais encore se rapproche-t-on sensiblement 
de la vérité. 


Du reste, il est toujours facile, quand un corps affecte une forme par 
trop fantaisiste, de le décomposer eu plusieurs solides se rapprochant des 
formes plus géométriques et auxquels on peut appliquer la formule en 
toute sécurité. Le tableau construit par M. Baillairzé donne précisément 
les formes les plus diverses qui permettent, en rapprochant les différents 
solides, d'en construire de nouveaux de formes composées. On fait ainsi 
l'analyse et la synthèse de la méthode, d’une part, en appliquant la mé- 
thode au volume total composé des ditférents solides; de l’autre, en calcu- 
Jant le volume de chaque morceau séparé et en additionnant les résultats ; 
l'addition de cette seconde manière d'opérer doit donner le même chiffre 
que l'application de la règle au volume total. 


Est-il nécessaire d’indiquer les applications qu’on peut faire de cette 
méthode dans la pratique? Cela nous paraît inutile, nous remplirivns 
toutes les colonnes de la Revue ; les hommes pratiques sauront bien le mo- 
ment de s’en servir. 


Quant aux élèves, je laisse aux professeurs le soin de leur faire tou- 
cher du doigt ces applications, multiples et «i journalières. 


Pour me résumer, je dirai que Ja méthode de M. C. Baillairgé est 
d’une simplicité et d’une exactitude remarquables, qu’elle est appelée à 
rendre de très-grande services aux praticiens, en leur évitant des pertes 
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considérables de temps et eu leur permettant d'obtenir les résultat: cherchés 
aussi exactement que par les anciennes formules mathématiques; c’est 
donc un devoir pour tous de propager ce système; et pour moi un plaisir 


d’en féliciter l’auteur. 
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Droits d'entrée............... 1 “ 
Cotisation annuelle. ..... 2 ‘ 


J. Mo:axp. 
Paris, le ler Acût 1872. 


Monsieur Baïillairgé, 
Architecte, etc. 


À Québec, (Canada). 


Monsieur, 


J'ai l'honneur de vous donner avis que 
lc Conseil Supérieur vient de vous admettre 
à faire partie de la Société de Vulgarisation 
pour l'Enseignement du peuple à titre de 
Membre Titulaire. 


Nous sommes heureux d’une décision qui 
assure à notre Œuvre votre précieux con- 
cours et nous espérons les meilleurs effets 
de votre propagande active en faveur de 
l’Instruction et de l'Education populaires. 

Veuillez agréer, 

Monsieur et trés honoré Collègue, 
l'assurance de mes sentiments de haute con- 
sidération. 

Le Secrétaire Général fondateur, 


Gigné,)  Auc. Hume. 
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Ertract from a letier of Brother Basilian of St. Thomas, to Brother 
Paulian of the Lasalle Institute, New York. 


sn... sus... .Mr. Baillairgé’s system has also received 
the general approbation of the principal Houses of Education in the Domi- 
nion of Canada, and in foreign land. It surpasses, by its facility and its 
gimplicity, all that ever appeared of the like on the continent. 


Ï am very anxiou= to have you examine Mr. B’s system, as no one is 
better able to judge of its merits than yourself, being, as every one knows, 
80 distinguished a mathematician. 





Ertrait d'une lettre du Rév. Frère Basilian, ci-devant de Montréal, au 
Frère Ligouri, Visiteur des Frères des Ecoles Chréliennes, à 
Londres (Angleterre) et au Rév. Frère Patrick, à Paris. 


ssnsosssssssssgrsssessscosso. Mr. Baillairgé est reçu membre 
honoraire de la Société d'Education de France. Honneur que lui a mérité 
son nouveau système de stéréométrie et pour lequel il est mandé à Paris, 
par le Président de la Société, pour y recevoir le premier prix de concours. 


Ce système a aussi reçu l'approbation des principaux établissements 
d'éducation de la Puissance du Canada et à l'étranger ; il surpasee par son 
extrême ‘simplicité tout ce qui a jamais paru en ce genre, comme vous 
pourrez vous en convaincre par ce que vous en dira ce monsieur. 

Je suis très aise, très cher Frère visiteur, que vous preniez connais- 
sance de ce système, par ce que je ne connais personne qui puisse mieux 
que vous apprécier le mérite de cette nouvelle découverte. 





Orrawa, 17 Décembre 1873. 


PRET ET EEE TIET EE TETE EEE J'ai enseigné, moi-même, depuis de 
longues années, cette spécialité d'évaluation des surfaces et solides, et, vu 
l'extrême complication que comporte cette étude, j’applaudis vraiment au 
mode sommaire que vous venez de nou* révéler, lequel paraît évidemment 
destiué à supplanter le système suivi jusqu'ici. 

Sans être révolutionnaire, j'uime ces petits bouleversements tendant à 
réformer certains régimes parfois trop conservateurs, lorsque surtout ces 
benins cataclysmes, n'ont d'autre effet que de vulgariser une branche d’en- 
seignenent qui devrait être accessible à tous. 


Votre dévoué, 


Révd. Frère des Ecoles Chrétiennes. F. AxDRÉ. 


ame 
eo 
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(Translation). 
ST. THomas, December, 15 1873. 
SIR, 

I beg to acknowledge receipt of your letter of the 4th instant informing 
me thatthe first prize had been awarded you, in France, for your Stereo- 
metrical Tableau. This I consider a happy prerage of its future success. 

It pleases me as it must all lovers of science, that, notwithstanding the 
prejudices of the age, you have known how to triumph over the difficulties 
which naturally presented themselves in the research of the fundamental 
principles of auch a system. Indéed. with the grace of God, your eftorts 
will soon be crowned with complete success : and I hope you will be rendered 
the glorious testimony of being a henefactor of the human race, Ly the 
discovery of a new system which will give a fresh imyetus to popular 
education, and be the means of giving to the less educated an opportunity of 
understanding its commercial value. It is to be hoped that the promoters 
of science will recognise the immense benefit you are conferring on Society 
at large and will render you full justice. 

Had ['remained in Montreal, I should have labored to introduce 
your system in our classes there. But be assured, Sir, that very soon, 
I hope, you will have the satisfaction of seeing your new system introduced 
to the greater number of our institutions in Canada. It must Le acknow- 
ledged that until recently it was not much known, but owing to your kindness 
ita reception in our institutions will soon make it 80. 

It cannot be otherwise than that, after so many testimonials have been 
awarded you from the principal educational establishements of thi+ Province, 
approving of the superiority of your <ÿstemi—not only for its facility but for 
its simplicity—you will soon, I say, have the satisfaction of seeing it in use 
in all educational institutions, even the most elementary, throughout the 
Province. . 

I herewith send you a letter of introduction to our venerable Brother 
Patrick, in Paris, latelÿy a visitor to the christian echools inthe United 
States, a man of great merit and a very great lover of Science. The second 
letter is for the Rev. Brother Ligouri, visitor to England and residing in 
London (french) and who recently visited Canada. When here he saw your 
work on Geometry, and passed high encomiums on it, I have no doubt but 
that he will most willingly adopt yonr system. The third letter is for the 
Rev. Brother Paulian, visitor to New-York, a mathematician ofthe first order. 

I stopped at Quebec with the intention of seeing you, but was informed 
that you were out of Town. I think that the Rev. Brother À phraates, 
Director of Quebec, who is so well known in France, will do himself the 
pleasure of giving you several letters of introduction. 

Ï have the honor to te, Sir, Your very humble Servant 


(Signed) FRÈRE BASILIAN. 


ee | 
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(Translation). 
STE. ANNE DE LA PÉRADE, 23d December 1873. 
Sir,—-I have the honor to acknowledge the receipt of your interesting 


letter of the 22d instant. 
With you, I should very much like to see your Stereometrical Tableau 


figuring in my School, and if the Government will but lend a helping 


hand there is but little doubt it will be adopted by all our Academies 
and Model Schools. Believe me, Sir, as the friend of youth, to whose 
inetruction I have devoted myself for 28 years past, no exertion will be 
wanting on my part, to.secure for them the advantages to be desired from 
your important discovery. 

I authcrize you to add my name to th:-<e petitioning the Honorable The 
Minister of Public Instruction to subecribe for your Tableau and intro lnce 
it in our Schools, Academies und Model Schocls. I am of the opinion that 
the youth of the Country will derive great advantage from it and that it will 
contribute not tlightly to disceminate among the peuple a taste for the 
mechanical arts, a taste which, so to say, only begins to have existence 
among ur. 

I have no doubt but that the government will give you such encournge- 
ment as will, at least in part, indemnify you for your great labor and the 
expenses ycu have been at in the advancement of useful science throughout 
the Country. The flattering testimonials conferred upon you by France and 
the United States should impress upon those at the head of our affairs the 
justice of coming to your aid by askingof the Legislature to vute a sum 
which would renumerate you for your invaluable labor and reimburse you 
in the amount you have expended. 

I am therefore prepared to sign any petition that will have for its object 
the introduction of your excellent Tableau in all our Schools, or of deman- 
ding of the Legislature to indemnify you for your expenditure and labor. 

I will write to Mr. Letourneau for a copy ofthe petition Leing sisned 
and thiuk I can assure you of obtaining the signatures of à goud many 
persons of influence in this locality. 

With consideration, I remain, Sir 
Chs. Baillairgé Eeq. Your devoted Servant 
Architect &c. Quebec. (Signed) D. N. Sr. Cyr. 


‘ Quesec, Sept. 27th 1873. 


The undersigned who have witnessed the many alvantages of the 
Stereometrical Tableau as applied in the teaching of Geometry and Men- 
suration, ect., to the pupils of the Quebec School of Arts and Manufactures. 

Would recommend that the Montreal School be also provided with one 
or more of these useful adjuncts. 

(Signed,)  Hon. E. Cuinic, 
J. WoopLey, 
L. J. Boivin, 
Revd. O. AUDET. 


Members of the Board of Arts & Manufactures for the Province of Quebec. 





SYNOPTICAL OR ABRIDGED 


KEY 


TO THE AUTHOR’S NEW SYSTEM 


OF MEASURING ANVY SOLID, 
SEGMENT, FRUSTUM OR UNGULA OF SUCH SOLID, 


BY ONE AND THE SAME RULE. 


(4.) To the sum of the areas of the opposite and parallel ends or 
bases of the body to be measured, add four limes the area of a 
section thereof parallel to these bases and equidistant from each 
of them, and multiply the whole by the sixth part of the height or length 
of the solid. 

(2) To be brief, we will call “intermediate or half-way section” 
the section in question in the formula; or again, and at will; 
‘ centre section” “ middle section,” and we shall always designate 
this section by the letter M, initial letter of the word middle as we 
designate by B and B’the opposite bases or ends of the solid, and 
by L or H its length or height. 

(3) The length or height of the solid under consideration, shall 
always be the distance between its parallel bases or ends, that is 
the perpendicular drawn from one of these bases to the other or to 
the plane of this base, produced if necessary. 

Then the formula will write : 

Volume= (area B + 4 area M + area B’) x 4 Lor H. 
or : 
V.=(B+4M+8B')1LorE. 
or, 

to dispose the areas 80 as to facilitate their addition : 
+ area B + B 
V= À à 4 rex x tLorH, or ji a 
+ area B + B 
Sum of the areas 
x + LorH. 
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Nature and value of the bases B, B’. 


(4) Sometimes one of the ends or bases of the solid, as with the 
pyramid, cone, conoid, segment or ungula of a sphere, spheroid, or 
spindle, &c., will be but a point and its area, consequently, null 
or equal to zero (0) Sometimes, each of the bases will be null as 
to area or —0, as in the case of the sphere and spheroïd; now, one 
of the bases will be a simple line, as for the wedge and certain pris- 
moids and ongulæ, and its surface again null ; at other times, each 
of the bases, as with certain prisemoids, will be but a line and the 
surfaces null, as before ; but in all cases, the author advises the 
pupil to maintain entire the formula and to write, as the case 
may be : 


areas areas 
+ B + 0 
V.=+4M or, V.=4+4M 
+ _B' + B 

Sum *x 4LorH. Sum x 4 L or H. 
areas areas 
\+ B: + 0 
or, V.=4+4M or, V.= 4 + 4M 
+ 0 + 0 

Sum x LL or H. Sam x } L or H. 


(5) BR. Itis clear from what precedes that the respective 
surfaces in question are all plane surfaces, or must be considered as 
such, and: that,. with the. authors system, every surface is null, to 
which & plane surface or a plane can touch but in one point, as in the 
sphere, spheroid and oonoid; which does not prevent one from 
measuring in the same manner by the formula, and with the same 
accuracy, a spherical cone or pyramid, or any frustum of such a body 
comprised between paralled or concentric bases, one of which is 
consequently concave and the other convex. 


(6) These enunciations would be quite sufficient to give a 
perfect understanding of the author’s system, but some observations 
concerning more particularly, if not each of the solids of the tableau, 
at least every category or class thereof will perhaps not be useless. 

(7) We say ‘‘ class” or “‘ category ” and in fact it is proper to 
observe that the solids are disposed, on the tableau, by groups or 
families, each in one or several vertical rows. These rows are 20 
in number ard the horizontal rows 10 in number, forming 200 pieces. 
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The first row to the right (it would be indifferent to reverse the 
order and begin at the left) comprises the prism under some ofits 
varied forms. 

(8) The four following ranges offer the prismoid, under several 
diversified aspects (see introduction, page 6) inclading the regular 
or platonic solids, (dodecahedron, icosahedron, &c.,) and certain 
ungulæ of prisms. 

(9) The sixth row, still going towards the left, is the pyramid 
and the frustum of that solid. 

(10) Rows 7 and 8 show the right, inclined, truneated cylinder, 
and the numerous ungulæ, and frusta of unguleæ, of this solid, with 
also some cylindroids. 

(44) 9 and 10 are the right and inclined cones, their frusta and 
angulæ. 

(42) 11 is the concave cone ‘with its varieties and sections. 12 
and 13 are the right and inclined parabolic and hyperbolic conoids, 
with their frusta, ungulæ and truncated unguisæ. 

(43) 14, 15 and 16, the flattened and elongated spindles with 
their decomposed parts and varieties. 

(14) 17 and 18 are the sphere and its segmeuts, frusta, ungulæ, 
&c., spherical cone and pyramid and frusta of these bodies between 
parallel bases. These solids offer also to the appreciation the 
spherical, tri-rectangular, tri-acutauguler, tri-obtnsangular, &co., 
trisagle, and facilitate to the pupil, the understanding of spherieal 
geometry and trigonometry, and to the professor, the teaching of 
these seiences. 

(5) 19 and 20, finally, are the flattened and dongsted spheroid 
with the decomposed parts of these bodies, 

See again on this subject ‘ The Introduction ” page 7. 

Let us first consider the 


PRISM OR CYLINDER, 
Right, Inclined, Twisted. : 


(6) The prism is a body whose breadth or size is every where 
equal or uniform ; it is, in other terms, a solid which throughout its 
whole length or height is of invariable diameter or thickness, and 
the opposite and parallel bases or ends of which, as well as each 





1. See the Introduction, page 11, last paragraph, letter of the Revd. M. Billion 
mathematiciuu of the St. Sulpice Seminury, Moutreul. 
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section parallel to these bases, are consequently, similar and equal 
plane figures ; these figures may indifferently be rectilinear, curvili- 
near or mixtilinear. | 


We will then obtain the solidity or volume by making 


+ area B and, supposing +1 
V.= < + 4 area M the base =114) 
+ area B’ 


=1, +1 
Sum of areas x L'or H. Sum of areas x 4 L. or H. 
6a. B a. B 
=| or 6 a. ME Hors } Or à. a x L. or H. 
or 6 a. B’ or a. B 
(17) That is : in the case of the prism, the general formula is reduc- 
ed to the simplified expression : B or B’ or M x L; but we advise the 
pupil not to endeavour to remember this formula, simplified though 
it be, since he will always (see the introduction, page 9) return to 
it of himself; for one soon sees that it is the same thing to multiply 
any number by another number, or to multiply 6 times the first by 
the sixth part of the second. 





PRISMOID 


Right, Inclined, Twisted. 


(18) The prismoid of which we treat at length, from page 
161 to 167 of this work, has for its opposite and paralled bases or 
ends, auy plane figures, equal or unequal, similar or dissimilar, 
rectilineal, curvilineal, or mixtilineal, and one of which, as in the 
case of the pyramid or the wedge, may be a simple point or a line, 
or each of the bases a mere line as already stated (4). 


We must then write, according to the case: 


+ a. B + 0O + B + © 
V=<+4a.M or4+4M or4 +4M or ru 


+ ‘a. B’ + B’ + O0 + © 
Sum ofthe a  Sumofthena. Sumofthea. Sumofthea. 
xiLorH. XkLorH. X}kLorH. x } L'or H. 





PYRAMID, CONE 


Right, Inclined. 


(19) In the pyramid, the base, or one of the ends is any plane 
figure and the intermediate section a figure similar to the base and 
equal in area to the fourth part of the base (95, T..). 


Regular, Irregular. 


manon — 22 —_— = © 2 mm Nous — 2e 
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The section of the cone, as of the pyramid, by a plane 
passing through its axis and apex, is a triangle, and the breadth of 
this triangle, taken at the half of its altitude is (page 85, rem.) 
half that of the base. Now, this same half-way breadth of the 
triangle furnishes the corresponding diameter of the pyramid or of 
the cone ; that is, the diameter of the half way section of the 
solid by a plane parallel to the plane of its base. The cone, if 
rigbt, has for base a circle ; if inclined, an ellipse, and for its middle 
section parallel to the base, a circle or ellipse similar to this base and 
equal in surface to the fourth part of it ; the other base or end, of the 
cone or pyramid, is à mere point, and its area in consequence is null 
or = 0. 


Which gives us: 

+ a.B, + O0 

V.= «< +4a. M = 4 + 4M 

+ a. B + BB 

Sum ofthearens x + Lor H. Sum ofthe areas » 4 L or H. 
And suppos. + 0 + 0 1x:L,H 
the base —= 4 + 4 x + = 4 +1 — or 
=1, + ] + 1 Bx1L,H 
S. of the a. x} L'or H. S. of the a. x 
4 L or H. 


That is : for the pyramid, the cone, the formula reduces to mul- 

üplyiug the surface or area of the base by the 4 of the height. 
PARABOLIC, HYPERBOLIC CONOID 
Right, Inclined. 

(20) Here the base is à circle or an ellipse, according as the 
solid is right or inclined, and the half-way section between the base 
and the apex or the opposite ends, is, as any other section 
parallel to the base, a figure similar to such base and in the parabo- 
loïd, equal ( 7 ) in area to the half of it; or, which is the same 
thing, the diameter of this section is equal to the square root (see 
the tables) of half the square of the corresponding diameter of 
the base. The other base or end of the solid is but a point, since 
we have agreed to consider as such every curved surface which a 
plane surface or a plane can touch, at a time, but on an infinitely 
small extent ; that is, a point. 


Whence: 
+ area B' + OO 
V.= «< + darea M =4+4M 
+ area B + B 
Sum of the areas Sum of the areas 


x 4 L'or H. XkLorH 
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And suppos. O +0 3 X 3 H or L 
the base = < +4 x & = < +49 = or 
= 1, + l +] 1x5 H orL 


x + L'or H x4Lor H 

(21) So that for the paraboloiïd, the general formula is reduced 
to that of multiplying the area of the base by half the height ; 
but as this expression, simplified though it be, differs from the gen- 
eral formula and may confuse the memory, (Introduction page 9) 
the pupil will do well not to endeavour to retain it; but instead of 
that, and to remove all doubt concerning the simplified formula, to 
resort immediately —although, it is true, with a few additional fi- 
gures—to the sole and universal formula of the author; for, it 
cannot be denied that a longer process under a less tension of the 
mind, is less toil$ome, and causes less anxiety as to the accuracy of 
the result, than a shorter but more arduous operation. 





SPHERE, SPHEROID 
Flattened, Elongated. 


(22) In the sphere and spheroid, the only area to be computed 
is that of the central or half-way section, each of the two other areas 
being, as that for the top of the conoïid, null or = 0. The central 
section is either à circle or an ellipsis. 


Thence : 
+ aréa B’ + 0 four great circles 
V= « +4 area M = < +4M == « or ellipses as theS x+R. 
+ area B + 0 case may be. 
Sum of the areas x À Sum of the areas. 
diam. or IL. or L. x Dori&k. 


(23) REM. As for the spheroïid or ellipsoid, it is indifferent 
under which aspect it be considered, respecting its half-way section 
and its height, length or diameter : but as it is more simple to find, 
either by calculation or from the tables at the end of this treatise, the 
area of a circle than that of an ellipse, matters can be managed 
80 that its central section be a circle, which will be done by per- 
forming the imaginary section of the solid by a plane perpendicular 
to the fixed axis. The solid would equally be measured in an inclined 
position (174, R.) being attentive however, as has been said (3) 
to take for the height or length a perpendicular to the plane of sect- 
ion aud terminated on both sides by planes parallel to such a sect- 
ion and both of them on opposite sides tangential to the solid under 
consideration. 
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SEGMENT 
of Sphere, Spheroid. ! 


(24) The segment having but one computible base, the formula 
to measure it does not differ in any way from that of the cone or 
conoid, except however that the relation between the area of its 
base and that of its intermediate section varies with the height 
of the segment. The radius of this section in the segment of a 
sphere ‘small circle of the sphere ” is equal (874, G.) to the 
square root (see the table) of the product of the half-versed sine 
(height) of the segment, by the remuinder of the diameter of the 
sphere of which the segment is a part,and when necessary this diame- 
ter is obtained by dividing the square (see the tables) of the radius of 
the base of the segment, by its height, to get the remainder of the 





diameter. 
+ area B' + 0 
v= ii 4 area M =} tant 
+ area B C+ B 
Sum of the areas x 4 H. Sum of the areas x 4 H. 
FRUSTUM 


of Pyramid, Cone, Conoid, Sphere, Spheroid. 


(25) In all these solids with two parallel bases, the bases 
and half-way section are similar figures : circles, if the frus- 
tum be that of a right cone or conoïid, sphere or spheroid cut by 
planes perpendicular to its fixed axis; similar regular polygons, if 
the frustum is a part of a regular pyramid of the same name ; and, 
similar rectilineal, mixtilineal or curvilineal figures, -if the pyramid 
is irregular. 

(26) In each of these cases, the vertical section of the solid 
by a plane parallel to its axis, presents à trapezium. Now, the 
mean breadth of the trapezium is obtained by taking the half-sum of 
its paralled sides, that is, their arithmetical mean; and this mean is 
precisely the diameter of the frustum at half-height between its two 
bases; whence it is easy to arrive at the factors of the half-way 
section of the solid, and consequently at the area of such a section 
(see the tables.) 





1. We do not add: « segment of pyramid, cone and conoid” simply because all 
aucb segments, that is, all such parts out off from the apices of these solids by a plane pa- 
rallel or not to the base, is still a pyramid, a cone, a conoid and its volume subject to 
the formuis already given. 
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+ area B’ 
V= 4 + 4area M 

+ area B 
Sum of the areas +1 H. 





UNGULA 


of Sphere, Spheroid, comprised between planes of sect- 
ion passing in any direction through the 
centre of the solid. 


(27) In each of these solids, the opposite bases or ends are null as 
to area or=0 ; the central section alone has any value and this section, 
in the sphere, is a sector of a circle (a part of a circle comprised 
between an arc and two radii) whilst in the spheroid, the same sect- 
ion is circular, if the planes of section have their common intersection 
in the fixed axis of the solid, in the other case it is elliptical. 


Whence, the cubic content is : 
+ area B’ 0 
v= lis en M = À +4 are M 
+ area B 0 
Sum of areas x } H. or L. Sum of areas x 4 H. or L. 
(28) REMI. In practice, the length of the arc of the sector 
may be directly measured, by means of a metallic ribbon or the like, 
or of a thin rod that can be fitted to the curve of the solid, to deter- 
wine its circular or elliptical circumference, or any part of such 
circumference. 


UNGULA 


of any Prism, Prismoid, Cylinder, Cylindroid, Pyramid, 
Cone, Conoid, comprised between planes of 
section having their common inter- 
section in the axis of the solid. 


(29) Itis clear that the ungula ofa prism or prismoid, cylinder or 
cylindroid is nothing else itself but a solid of the same name ; that the 
ungula of a pyramid or of a cone is simply a pyramid having for base, 
in the case of the pyramid, any plane figure, and in the case of the 
cone, a circular or elliptical sector, according as the cone ofwhich the 
ungula forms part, is right or oblique. As for the ungula ofa conoid, it 
will be considered, with respect to its measurement, as the segment 
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of an angula of a sphere or spheroid (see the following paragraph). 
It is clear that the apex or one of the bases of the ungula is but & 


Line or point, as the case may be, and that 


In all such cases the formula is: 


area B’ )that is, as O O 
V.= + 4 area M fe cas V= +4 EEE 


+ area B ) may be. + + © 
Sum of areas Sum of areas Suu of areas 
x } H. or L. x } H. or L. x} L. or H. 





SEGMENT, FRUSTUM O0F AN UNGULA 


in the conditions of the enunciation, par. 127, of the 
treatise; that is, in the conditions enumeratod 
in the two last paragraphs (27 and 29). 


(®0) It is plain that if the segment in question be that of en 
ungula of a sphere or spheroid, this segment will have but one 
base of any value, the other base being a mere point. The base will 
be a circular or elliptical sector and the section at half-height 
and parallel to the base, will be a sector similar to the base. We 
will then have for the etpression of the volume of the proposed seg- 


ment : 
+ area B’). + © 
V.= 4 + 4area M =z<+4M 
+ area B + DB 
Sum of the areas Sum of the areas 
x } H. or L. x } H. or L. 


(81) Ifit be a frustum of an ungula, sphere or spher- 
oid between parallel bases, the expression will be : 


+ area B’ 
V= ++ 4 area M 
+ area B 


Sum of the areas ++ H. or L. 


(32) Finally if it be a frustum of an ungula of a prism 
or prismoid, pyramid, cone or conoid (for the segment of an 
ungula of a pyramid, cone or conoid, is evidently a solid of the same 
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name as that of which the ungula forms part) the formula will be, 
as always: 
+ area B’ 
V= + 4 area M 
+ area B 
Sum of areas x } H. or L. 





SPHERICAL CONE OR SECTOR, SPHERICAL PYRAMID. 


(38) To arrive at the volume of these bodies, we must do pre- 
cisely as for the‘ordinary cone and pyramid, save that the base and 
middle section will be convex or concave surfaces which will be 
measured according to the rules found (165, 167), the volume being 





always : 
area B') ‘ 0 
ve) ass ML = :4nf 
area B + B 
Sum of the areas x } H. Sum of the areas x } H. 
FRUSTUM 


of a spherical cone or pyramid between parallel bases. 
(34) Will be expressed as the frustum of the ordinary cone 


and pyramid by : 
area B’ 
V.= +4 area M 
+ area B 
Sum of the areas x} H. 





FRUSTUM OF A TRIANGULAR PRISM 


that is, having its opposite bases or ends not parallel 
to one another. 

(35) The frustum of a triangular prism, considering any of its 
lateral faces as one of its bases, and the edge or opposed side as the 
other base, is nothing else but a prismoid ; such is the wedge when 
the edge of that solid is of unequal breadth with the head. Under 
this view, the edge or side in question being but a mere line and 
consequently null as to area, we will have as an expression of the 
volume : 

area B’ 0 
V= 4 +4 area M that is V.= 4 + 4M 
+ area B + B 


nets 


Sum of the areas x } H. Sum of the areas x } H. 
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If the frustum of the triangular prism (of the last para- 


graph) is itself truncated by a plane parallel to one of its lateral 
faces, we will still have a prismoid whose volume will be: 


area B 
V.= + 4 area M 
+ area B 

Sum of areas x } H. 





SPHEROID WITH THREE AXES. 


(86) This solid, as also any segment, frustum, or ungula thereof, 
segment or frustum of such ungula, is exactly measured by the for- 
mula, whatever the direction of the planes of section may be. There- 


fore, as the case may be : 


+ O O B 
va) rt or ru or +4M 


+ a © + B + B 
Sum ofthe a. Sum ofthe a. Sum of the a. 
x + H or L. X} L'or H. x } L or H. 





COMPOUND BODIES. 


(37) The tableau presents a certain number of these bodies ; for 
instance a cylinder terminated at one end by a segment of a sphere or 
spheroid (such would be a mnortar) ; a frustum of a cone ending in 
the same way (a gun for instance) ; a cylinder or frustum of a cone 
crowned with à cone (a hay-stack or circular tower with a conical 
roof) ; a cone ending at its base by a segment of a sphere or spheroïd, 
like certain kinds of buoys. It is plain that to measure thèse com- 
pound bodies or any other forms that can be decomposed into ele- 
ments of the kind already treated on, the composing parts thereof 
must be separately computed, in order to make up afterwards the 
sum of such parts, according to the rules which have just been given 


APPROXIMATELY. 


(See the general expression, par. 127). 


(38) And very nearly, say generally at .005 or at about (+) one 
half per cent, more or less, often (see the detailed problems of the 
treatise) with perfect accuracy or very near an exact result; is 
the volume obtained of 
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ANY FRUSTUM 


of a Prism or Prismoid, Cylinder or Cylindroid, Pyramid, 
Cone or Conoid, Sphere or Spheroid, comprised 
between non parallel bases. 

(39) By decomposing it, by an imaginary section parallel to 
one of its bases and passing through the nearest point of the other 
base into a frustum with parallel bases (the exact volume of which is 
obtained by the rules already given) and an ungula. 





ANY UNGULA 


of a Prism or Prigmoid, Cylinder or Cylindroid, Pyramid, 
Cone or Conoid, Sphere or Spheroid. 


(40) In this solid, as in the regular ungula of paragraphs 
(27 and 29) the apex or one of the bases or ends, is but a mere line 
or point, and its volume is very nearly. 


(See the detailed ungulæ of the treatise). 


area B’ O 
V.= «< +4 area M That is V.=< 4 M 
‘+ area B + B 


nes 


Sum of the areas x 4 H. Sam of the areas x 1H. 


REM. Às will be seen (420)if the base ofthe cylindrical ungulna 
be not truncated, that is, if this base is a circle or an ellipsis, 
the formula gives the exact volume of the solid, and in the same 
manner under the same conditions, the exact volume of an ungula of 
a prisem will be arrived at. 





FRUSTUM 0F AN UNGULA. 


If the ungula of the last paragraph is cut off by a plane parallel 
to its base, of which the tableau offers examples, the volume will 
not the less be, as usual : 

area B' 
V.= 4 + 4area M 
+ area B 

Sum of the areas x À H. 





ELONGATED SPINDLE, FLATTENED SPINDLE. 


(41) The spindle considered, as a whole, is not à usual solid ; 
it has little importance, and to be convinced that it cannnot be mea- 
sured at once, as with the elongated or flattened spheroïd, it is 
sufficient to compare it in one’s mind to an exact spheroid having 
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the same axes or diameters. It is then seen how muchits volume 
is less than that of the corresponding spheroid which is more swollen 
towards the ends of its axis in the elougated spheroid, and in the 
opposite direction, if it be a flattened spheroid. 

(42) But if it be impossible to arrive at once at the volume of 
the spindle, one succeeds almost immediately, by measuring the 
half of this solid, and aferwards doubling the result, since 
then, by taking its section half-way between the centre of the 
spindle and its apex or end, the very element which contributes 
especially to make its volume vary, is eonsidered, and this process 
applied to the flattened spindle, will give the exact volume if the 
perimeter of a section of the half-spindle by a plane passing through 
its fixed axis, is an arc of a conic section, as will generally be 
the case, the flattened spindle being then considered as two equal 
segments of a sphere or spheroid, united by their bases or planes per- 
pendicular to the fixed axis of the solid, of which the composing 
segments of the spindle form part. | 

It will be seen (prob. LI) that it is sufficient to divide the half- 
spindle into two parts which will be measured separately and the 
gum of which will be afterwards taken, to arrive at a result which 
shall differ from the truth but by the 9th part to the quarter of one 


per cent. 





CENTRAL FRUSTUM OF ELONGATED SPINDLE. 
(Cask). 


(43) This solid which gives its form to the thousand and one 
varieties and dimensions of casks, throughout the whole world, is, res- 
pecting the measurement of its capacity or volume, of greut impor- 
tance, on account of the generally high price of the contents. Well! 
as will be seen (prob. LIT), it is sufficient to measure at once the 
half-cask to arrive at the exact volume, within the quarter to the 
fortieth part of one per cent; maximum error of one quart on 
a handred gallons or of one litre on 400 litres and which does 
not exceed generally ÿk to ;! of a gallon or litre for every 100 gullons 
or 100 litres, and can, besides, by that itself, be rectified, that the 
error is known to be always in excess and that consequently the result 
may be diminished by so much, if required. 

area B 
V.= 4 + 4area M 
+ area BR 
Sum of the areas x 1 L'or H. 
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CONCAVE CONE. 


(44) The concave cone is analogous, as to its volume, to the 
elongated half-spindle, which may also be called a convex cone ; and 
in the same way as we very nearly arrive at the volume of the half- 
spindle, by measuring it in two slices; 80, if the hollow or convex 
cone is decomposed into two parts, by a plane parallel to that of its 
base, to measure separately each of these parts and add them together 
afterwards, the volume will be obtained at less than one half per 
cent loss. 1 





FRUSTUM OF CONCAVE CONE 


between parallel bases. 


(45) A great many vessels of capacity assume the form of this 
solid and as the hollow or concave cone is analogous to the half-spin- 
dle or convex cone, 80 the frustum of the concave cone may be con- 
sidered as analogous to the central half-frustum of the elongated 
spindie or half-cask. Then by measuring it at once, provided its 
curve be uniform throughout its height and especially if this curve is 
not considerable, the volume or desired content will be very nearly 
arrived at, and if this curvature of the lateral face of the solid or 
vessel of capacity in question, is considerable or of unequal radii in 
various parts of the height of the frustum, a nearly perfect accuracy 
can be secured, by decomposing it mentally with a view to its mea- 
surement, into two or at most into three parts or slices by planes of 
section parallel to the bases. 

The volume of each of the component slices will be : 
area B 
V.= + 4area n 
+ area LB 
Sum of the areas X 4 H or L. 





COMPOUND BODIES. 


(46) These bodies may assume many varied forms. The tableau 
presents some of them: for instance, a central or eccentric frustum 
of a sphere or spheroid surmounted by a concave cone (kind of 





1 For forms with concave sides the volure is less; as for convex bodies the 
volume is more. 
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dome or minaret); segment of a sphere or spheroid surmounted by 
a segment of an elongated spindle or convex cone, or of a hollow 
or concave cone; two frusta of right cones united by their broader 
bases ; two others, by their smaller bases ; two frusta of concave 
cones and two others in the same conditions. And it is clear that 
other forms may be conceived, in almost infinite variety, but of 
which the rules already given are sufficient to determine the res- 
pective and composing volumes. 





. SUNDRY. 


(47) Besides the solids which have just been enumerated, it is 
proper to say a word of certain forms which the tableau presents 
and of which the origin or the whole solid of which the body under 
consideratiôn forms a part, might not at once suggest themselves to 
the mind. Thus, the eccentric solid ring may be considered 
as the central frustum of a very elongated spindle bent on itself. 
Then will it be measured by adding to the sum ofthe areas of both 
its less and greater sections, 4 times the area of the half-way section 
between these first, to multiply the whole by the length of the 
balf-circumference used as the imaginary axis of the ring. 


(48) Ths bent cone or half-spindle in form of the horn 
of an ox is measured like the inclined cone, considering as its height, 
the perpendicular drawn from its apex to the plane of its base. 


(49) There is the eccentric frustum of an elongated 
spindle, which may represent the shañft of the roman column, swol- 
len as it is, about the third part of its height, and the volume of 
which may be had by taking separately that of each of its composing 
balf-frusta. 


(30) The regular polyhedrons, as it is seen, may be de- 
composed into as many regular and equal pyramids as the solii has 
faces and be easily measured in this manner, each pyramid having 
for base one of the faces of the polyhedron and for height the half- 
height of the polyhedron, that is the half-diameter or radius of the 
inscribed sphere. . 

(51) The decomposed parts of the flattened and elon- 
gated spindies and of certain other solids furnish the idea 
and in consequence the manner of measuring, or gauging any 
sailing vessel, steamer or other, by decomposing it, ifnecessary, into 
elements of the kind already treated of. 
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(52) RÆIME. The regular polyhedrons could equally be at once measured, by 
taking the trouble of finding the area of the central section of each ofthem. All these 
solids have two parallel bases, one vf the bases being, for the tetrahedon, a point— 
for the tetrahedron is nothing but a pyramid.—The octahedron may be considered ss a 
double pyramid or a compound of two pyramids, base to base, and be measured in this 
manner. As to the dodecuhedron, it will be seen that while eash ofits paraliel bases is 
a regular pentagot, its half-wuy section between these bases, is a regular decagon or 
a ten sided regular polygon, »“nd each side of which is equal in length to the half-dia- 
gonal cf tbe pentagon. As to the middle section of the exabedron, if it be taken 
paralled to two opposite and paralled sides of the solid, it will be a twelve sided regular 
polygou, the perimeter of which it would be two long to determine here. If onthe contrary 
the half-way section is supyosed parallel to or equidistant fronr two opyosite vertices of 
the solid, that is, perpendicular to the axis or diameter uniting two opposite points or eæ- 
tremities of the solid, this section will be a regular decagon each side of which will be 
equal tothe half-side of the triangle forming the face ofthe polyhedron. Finally,ifany two 
opposite sides or edges be taken for the parallel bases of the icosahedron, the half- 
way section parallel to these edges and perpendicular to the plane which unites them 
will be a six sided symmetrical polygen, two opposite and paralled sides of which, each 
equal to the side of the triangle forwing the fuce of the polyhedron and being one of 
these sides, and the other sides of the exagon, parallel, two and two, and respectively 
equal to the height or right radius of the said component face. 





REDUCED TABLEAU, 


(53) REDM. It is hardly necessary to way that, in this treatise and in the 
abridged key, every thing which relates to the so called tableau of 200 models, is 
equalled applicable to the reduced tableau of 106 models which the author is preparing 
for elementary schocls and with a view to reduce the price of it in order to place it 
within the means of persons less capable of ordering it. 


In the reduced tableau the models will be 105 in number, disposed in 15 ver. 
tical rows and on 7 horizontal rows (15 x 7 = 105). Then beginning for instance by 


the left, the | 
let vertical row would be the prism, its frustums and ungulas. 

Qnd, ärd, 4th row, the pri-moid ar:d various frusta and ungulæ. 

5th row, the pyramid, its frusta and ungulæ. 

ëth row, the cylinder, its frusta and ungulæ. 

7th row, the cone, ils frusta and ungulæ. 

8th row, the conoiïd, its frusta and ungulæ. 

9th row, the flattened rpindle, its segments, frusta and ungulæ. 

10th row, the elsngated spindle, its segments, frusta and ungulæ. 
lith, 12th and 13th row, the sphere, its seginents, frusta and ungulsæ. 
lâth row, the finttened spheroid, its segments, frusta and ungultæ. 
15th row, the elongated spheroid, segments, frusta and ungulæ. 

Audifinthe tableau any segment, frustum or ungula is wanting to complete 
the number of those included in the nomenclature of the solids to which the formula 
relates, it can easily be mentally supplied in the same way, as, if required, any com- 
pound solid may equally be decomposed by imaginary planes of section, into elemen- 
tary forms, to submit its volume to the roquirod computation. 


KEY TO THE 


BAILLAIRGE 
STEREOMETRICAL TABLEAU. 





INTRODUCTION 


TO THE 


NEW METHOD OF MEASURING 


ALL 
BODIES—SEGMENTS, FRUSTUMS AND UNGULAS OF THESE BODIES, 


BY ONE AND THE SAME RULE. 


The author of the new method has the honor to inform his col- 
league—Architects, Engineers, Surveyors, Professors of Geometry 
and Mathematics, the Directors of Universities, Colleges, Seminaries, 
Convents and other Educational Establishments, the Professors and 
Papils of Schools of Art and design, Mechanics, Measurers, Guagers, 
Custom House and Excise Officers, Ship-Builders, Contractors, Ar- 
tisans and others of Canada and Elsewhere. 

That he has perfected his ‘ Stereometrical Tableau ” in order to 
reduce to practice his universal formula for finding the solid content 
of a body of any form or dimensions. 





ADvERTISEMENT.— With the view of protecting bis discovery and invention and of 
guarding against any ivfringement of hisrights, either here or elsewhere, the author has 
taken out Letters Patent of his tableau, as well in Canada as in the United States and in 
Europe. ° 





2 THE STEREOMETRICAL TABLEAU. 


On the subject of this formula the Quebec Seminary after having 
submitted it to competlent persons, expresses itself thus : ‘Of the 
theorems and formulae remarkable for their novelty, the most strik- 
ing is the general rule for the content of any known solid. An in- 
voluntary doubt at first takes possession of the mind ; but a careful 
examination soon dispels this boubt and one remains astounded at 
sight of a formula so clear, so easy to retain, and of which the applica- 
tion is so general. ” 

An article in the ‘“ Journal d'Education ” speaks of the sudden 
#mpulse which this discovery imparts to science. 


His method of explanation, says another journal, is new, and 89 
simple as to be within the grasp of every mind. 

The tableau, the dimensions of which are about 3 feet in 
height by 5 feet in length, is of hard wood, dyed or painted of suitable 
colour. Fixed to the board are some 200 models of hard wood, 
polished, oïled or varnished as required. Each little model is adjusted 
to the tableau by means of a peg or pin of wire attached to the board 
80 that ths model may be easily removed and replaced at pleasure. 


The models comprise almost all the elementary forms that it is 
possible to conceive, or to which any compound body, by division or 
decomposition, could be reduced. Among them will be found all the 
prisms and prismoids, cylinders and cylindroids right and oblique, 
and the frustums and ungulas of these bodies; pyramids, cones and 
conoids, right and oblique, with their frustums and ungulas; the 
sphere with its subdivisions into hemisphere, quarter sphere, half- 
quarter or tri-rectangular spherical pyramid, segments, zones, pyra- 
mids, frustums and ungulas; the prolate and oblate spheroid and 
ellipsoid, with their segments, half, quarter, frustums, etc.; in fine, 
the spindles and their frustums, etc., including casks of all sorts ; 
the regular polyhedrons, concentric and eccentric rings, and'a num- 
ber of other varied practical forms too many to enumerate here. 


The new rule or formula dispenses with all consi- 
deration, all preliminary calculation as to the nature, 
form or dimensions of the entire solid of which the body 
to be estimated forms a portion. Thus, when it is required 
to find by ordinary rules, the cubical contents of a segment, frus- 
tum or zone of a spheroid, for instance, it is first necessary to find the 
axes of the solid 80 as to take them into account; but by the new 
system we proceed immediately to estimate the solidity required, by 
applying directly to it the formula (B’ + B + 4 M) 4 H. In like man- 
ner, if one supposes he has to deal with the frustum of a pyramid 
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for example, the fist thing to ascertain is that it is one, in order to 
apply to it the ordinary rules of mensuration; for this purpose, it is 
required to measure the respective lengths of the edges or sides of 
the upper and lower bases, 80 as to establish the proportion between 
them, and be assured thereby that they are, or are not proportional, 
without which the solid to be estimated is not the frustum of a pyra- 
mid; wbilst, on the contrary, by the new formula, it is sufficient to 
be certain of the parallelism of the sides or edges (which is seen at a 
glance and without any measurement) to proceed directly to the 
application of the rule; for, from the authors point of view, the frus- 
tum of a pyramid, reputed such, is regarded as a prismoid, and sub- 
ject, on that account, to the general formula, in the same way as the 
whole pyramid which is also & prismoid. 


But, setting aside all preliminary consideration as 


to the nature of the solid to be measured, and of the long 
and abstruse calculations which must be made for that purpose when 
the ordinary rules are followed—it is to be remarked that the calcu- 
lations which remain to be made to find the content of the solid or 
liquid in question are laborious, difficult, long, and sometimes never- 
ending, as for instance, when théy relate to the guaging of a caak, or 
the measurement of the frustum of a spindle. There are very 
frequently algebrac formulae, differential and integral calculus, and: 
a simple mis-print in the formula of which the mind can not pene- 
trate or follow the mysterious intricacies, —an error which may not 
be detected and would consequently remain uncorrected—a simple 
error of this sort is enough to render the whole calculation useless;, 
and necessitate its being gone over again; instead of which, by the 
system now proposed, as there is but one rule, one simple formula to 
learn and retain, and that of the simplest nature, the mind can 
follow it step by step, and the eye itself perceive immediately it 
there be error. 


At present, there are as many different rules as 
there are solids: one for the prism or cylinder; one for the 


pyramid or cone; another for the frustum of the cone or pyramid ; 
a third for the sphere ; then three others for the segment, zone and 
ungula of this body; another for the spheroid, with additional 
formulae and in equal number for the segment, frustum and ungula, 
according as the intersecting plane is parallel or inclined to the small 
or great axis or to any diameter whatever of the solid. How many 
other formulae differing always from one another, and each of them 
from all those already enumerated, when it is necessary to arrive at 
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the content of a parabolic or hyperbolic conoid, right or oblique, of 
a segment of a circular, elliptical or other spindle, of an ungula of a 
cylinder, cone, conoid or spindle. Well! we can now lay aside all 
these rules, all these various formulae which it is impossible for the 
memory to retain, and for which we always need a book at our 
disposal ; we can set aside all these multifarious formulae with the 
books containing them, and armed with the new system, take hold 
of any solid whatever to find its content by the aid of a quite simple 
rule that may by remembered like the Lord's prayer, namely: ‘to 
the sum of the parallel end areas, add four times the middle area, 
and multiply the whole by one sixth part of the height or length of 
the solid. ? | 


The calculation is thus reduced in every case, by 
the authors system, to that of the areas of the opposite 
bases and of the middle or intermediate section, to attain 
which end is precisely the object of the tableau in question, where 
one may immediately see the form of the solid, the nature of the 
surfaces which form its bases, and, by means of a stroke or line, the 
nature and dimensions of the section, surface or base half-way 
between the bases or opposite extremities of the solid to be estimated. 
In this manner it will be seen that in the pyramid, the cone, the 
conoid, the segment of a sphere or spheroid, the upper surface is 
reduced to zero or is null, wkilst in the sphere, the spheroid, and 
certain prismoids, each of the opposite surfaces or areas becomes 
nothing, which reduces the calculation to multiplying 4 times the 
middle section by the sixth part of the height of the solid. 


The formula is mathematically exact for prisms and 
prismoids, cylinders and cylindroids right or oblique, regular or 
irregular pyramids and the frustums of these solids between parallel 
bases ; for the right or oblique cone and its frustum between parallel 
bases, the sphere, the spherical segment and zone, the spheroid and 
every segment, zone or frustum of this body cut from the whole solid 
by a plane inclined in any manner whatever to the axes or diameters 
or comprised between any two parallel planes ; for right or oblique 
parabolic or hyperbolic conoïds and the frustums of these bodies 
comprised between parallel planes ; all of which various solids cons- 
titute nearly the total number of the elementary forms thats one can 
be called on to estimate. 


It is for spindles only, and certain ungulas of these 
bodies, and of other solids, that the formula is not ma- 
thematically correct, and yet even in these latter cases can we 
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® 


obtain results more correct, more satisfactory by means of the gene- 
ral formula than can be done by any of the other means to which we 
commonly have recourse in practice. It suffices for this to divide the 
half spindle or frustum of this solid into two, or at most into three 
parts, by sections or planes parallel to the bases, and apply the for- 
mula separately to each of these parts, to arrive at a result approa- 
ching almost to perfect accuracy, and so of the ungulas of prisms aud 
prismoids, of pyramids, cones, conoïds and spindles, of spheres and 
spheroids and the frustums of these ungulas between parallel bases, 
to divide the solid into 2, 3, or 5 parts at most, to apply next the 
formula to each of the component segments separately, as it is besides 
evident]ly necessary to do s6 for the cubical contents of compound 
solids such as shipa, srhooners, yachts, boats, &c., and other similar 
forms, composed as they are in every case of some of the’elementary 
forms which will be found among the models of the tableau. 


And in the majority of cases, even this subdivision 
of the solid into 2, 3, component segments will be useless 
since, forthe ungulas of prisms, cylinders, pyramids, and cones, the 
maximum error between the trhe content and that obtained by the 
proposed formula does not exceed .0095 or the half of one per cent. 


Let us consider also the immense advantage of 
such a tableau for the mere nomenclature of bodies 
By it, the least advanced pupils in Collezes, Convents, 
and other schools, are enabled to prosecute a study from 
which they have hitherto been debarred. In fact, for the 
mind to seize and understand, on paper, the graphic repres:ntation 
of a body, it needed a previous knowledge of drawing and perspective 
which is only acquired generally by advanced pupils and in the last 
years ofcollege; whilst to-day the youugest, the least advanced may 
detach the model from the tableau, take it, hold it, and handle it ; 
the master or professor, the nun or mistress will tell him or her the 
name of it and point out an example in the thousand and one objects 
met with in our every day pursuits and requirements. 


What the several models of the tableau may 
represent. 


s 


The segment of an erect or reversed cone will, 
according to circumstances, represent a tower, lighthouse à 
tumbler, salting tub, butter firkin, bucket, an ordinary tub or vat or 
of such as are seen in breweries and elsewhere ; the flat or depressed 
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cone will suggest the idea of the cover or bottom of a cauldron, of a 
roof, ete., the pyramid will be the image of a pinnacle or of the spire 
of a steeple ete, ; the right conoid, the segment of a sphere or sphe- 
roid will be a dome more or less elevated or depressed, whilst the 
same solid, by reversing it, will present to the imagination a basin, 
a reservoir, a boiler such as is found in the sugar hut, the distillery 
or other manufactory. 

The inclined and reversed conoid, the segment ofa 
spheroid equally inclined and reversed, will represent 
the space occupied by any liquor, liquid, or fluid whatever at the 
bottom of na vessel which from one cause or another has become 
iuclined to the horizon. The prism, the prismoid will likewise be 
the model of those thousand and one plain or elaborate roofs which 
crown our domestic habitations, our public buildings, our palaces. 
The roof of the common dormer-window, if it be sloped, will be & 
trinngular prism obique or inclined ; ifit be not 80, it will be the 
frustum of a prism, and the body of the dormer will be, indifferently, 
according to the aspect under which it is viewed, a right triangular 
prism, or the ungula of a quadrangular prism. Amongst the pris- 
moids will also be fonnd the stick of timber or saw log, the trunk of 
a tree, the railroad cutting and embankment, the reservoir, quay, 
pillar, camping tent, the splaved or square opening for a window 
door, nich or loop-hole in a wall. The quarter of a sphere or sphe- 
roid, the half segment will be the vault of the apsis of a chuch or of 
a hall terminated in the same manner. The whole sphere, the sphe- 
roid will be the billiard ball, the ball of a steeple, the earth we 
inbabit, the moon, the sun, the planets. In a word the model of 
each of the elementary forms which it is possible to conceive will be 
found on the tableau, and can be handled at pleasure 80 as to exa- 
mine it under every possible aspect. 


The bases, lateral faces, central or intermediate 
sections of the models of the tableau, also offer to the 
pupil. in the previous study ofthe mensuration of sur- 
faces, the representation of each of the plane figures, 
and of every sort of convex or concave surface ofeither 
single or double curvature. 

The square, rectangle, lozenge, parallelogram, trapezium— 
the equilateral, isosceles, scalene, right-angled, acute-angled, obtu- 
se-angled triangle;—the regular, irregular polygon —the circle, 
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semi-circle, quadrant, sector, segment, zone, lune, concentric and 
excentric ring—the ellipse, semi ellipse, segment of ellipse less or 
greater than the half—the other conic sections, parabola, hyperbola 
—the equilateral, tri-rectangtlar, tri-obtuse-angular spherical tri- 
angle, —the spherical segment, zone, lune, —segments and zones, &c., 
of prolate and oblate spheroids or ellipsoids, &c. 

The tableau will have the effect of interesting the 
pupil and of making attractive a study, heretofore dry 
and almost impossible, By means of the tableau and the 
general formula, stereotomy and stereometry, that is, the nomen- 
clature, properties and measurement of bodies can be taught in even 
elementary schools where sufficient geometry has first been taught 
to enable the pupils to determine the area of any plane figure what- 
ever ; since, in reality, the proposed systeu reduces the meusuration 
of bodies or volumes to this—the remaiuder of the work being merely 
an addition of the areas thus found and the multiplication of their 
sum by the sixth part of the height of the solid. 


THE FORMULA. 


The prismoidal formula proper, is, of course not new, since it 
has been sometimes used in the computation of earthworks on rail- 
ways and otherwise ; but it does not appear to have suggested itself 
in the case of the frustum of a cone or of a pyramid, an inclined co- 
noid or segment of a spheroïid, the frustuim of an ellipsoid contained 
between parallel planes inclined in any way to the axes of the solid 
and in general to most of the solids of my Tableau, and even, had 
the idea suggested itself so to do, still would the formula never have 
become of general application either in practice or in the teaching of 
Stereometry without the help of the Tableau, any more than steam 
without the steam engine, or electricity without the telegraph. 

The author must share with others the merit of the discovery as 
applied to certain solids to which its applicability has been shewn, 
though in a varied and more or less indirect way ; but herein he is 
not singular, and perhaps it is as well that it should be s0, as it but 
adduces additional prof in support of hisscheme ; nor should he take 
it to heart any more than Leverrier and Adams in relation to Nep- 
tune, Newton or Leibnitz concerning the discovery of ffurions, 

“It is plain, says the Rvd. Mr. Billion, in his letter to Bishop 
4 Larocque, that the author does not require that oe shvuld make 
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‘use of his formula in many cases where a more simple expres- 
“ sion may replace it. ” 

True, there are, not ‘many cases, ” but some three or four cases, 
where the general formula may be replaced by one of a more simple 
nature ; but the simplified expressions flow directly and without 
effort from the general formula. Few persons ; as yet, have in this 
respect understood the authors object in regard to the necessity, the 
advantage of one and only one aud the same formula for all possible 
solids. À perusal ofthe following letter from professor Lafrance will 
however show the wisdom of his views. 


Quebec 11 decr. 1871. 


To M. C. BAILLAIRGE. 


‘ As to the correctness of the formula, none can doubt it, since 
when promulgating it, as you have done in your treatise 1866, you 
have yourself given all the necessary proofs to bear it out. 

‘ With respect to the prism or cylinder, to begin with, (Article 
1254 of your treatise) if objected to, that for these solids, at least, 
your formula far from offering any advantage, but compliertes the 
calculation ; I should reply that it is not so, since in this case the 
formula is immediately reduced to the ordinary rule. Thusthe pupil 
who has already learned that every section of a prism or of a cylinder 
by a plane parallel to its base is à figure similar and equal to the 
base, will say to himself at once ‘* But the sum of the bases, plus 4 
times the intermediate section, is equal to 6 times the base, and 6 
time the base multiplifed by the sixth of the height is simply the 
same as multiplying once base by the whole height ; ” and in fact 
this is the case, but by applying the formula as well to the prism 
and cyliuder, its use becomes general for all solids and obviates the 
necessity of learning or remembering one single additional rule, for 
in fine thereiu is the immense advantage of the system you propose 
one and the same formula ” for all possible solids, and the moment 
you introduce a second, aye even a third for the pyramid and cone, 
a fourth for the paraboloid, to cube which by the ordinary rules 
would appear more simple than by yours, you then introduce confu- 
sion into the mind of the pupil, of the measurer ; from that moment 
there is danger of confounding these rules, of mistaking the one for 
the othe, of forgetting all of them or not remembering them and of 
the necessity, for thal very reason, of a book of reference, a theing 
which your system entirely dispenses with. 
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Again, for the pyramid or the cone, as you give it (1525 of your 
Geometry) the surface of the intermediate section is a quarter of that 
of the base ; now ? x 4 = 1, and 1 + 1 = 2,andit is directly seen 
that the 6th part of 2 is the same thing as the third part of 1; whence 
it follows that the general formula brings one back immediately to 
the ordinary rule, and that, without the necessity of knowing this 
rule beforehand. 

‘“ Again, let the prism, the cylinder, the pyramid, the cone, as 
happens in practice, be ever so little convex or concave ; where should 
we be with the ordinary rules, whilst on the contrary in this case 
your formula is the only one which can correctly cube the body in 
question ; and for the spindle (1534) the paraboloïd (1564) be its 
lateral surface the least in the world too much or too little convex or 
buiged, the ordinary rule which consists in multiplying its base by 
its height and taking half the product, will give either too great or 
too little a volume. How them in this case arrive at the truth, 
if not by your formula which, as in the case of the cask, introduces 
into the calculation the versed sine (or very nearly) of the greater or 
lesser convexity of the body to be cubed, that is to say the very ele- 
ment which tends to vary its cubical contents. 

66 T have just pointed out the articles or paragraphs of your trea- 
tise containing the proofs of the correctness of the formula for the 
above mentioned bodies ; paragraph 1561 also proves it in the case of 
the prolate or oblate spheroid or ellipsoid ;—1562, for the segment of 
this solid,—1566, for the hyperboloid, and 1581 to 1592 for the pris- 
moid in general. 

66 The fact is that too few persons yet have taken the trouble to 
examine your books, 80 great is the tendency with us to remain al- 
ways in the rut of the old routine. In fact, it has taken us 20 years 
to substitute for pounds, shillings and pence the infinitely more 
simple and expeditious decimal calculation of dollars and cents, 
where the mere shifting of a point works wonders : it will take 10 more 
yet to appreciate your work, to introduce your formula, your tableau 
indispensible as it is, info the general education of this country. 


4 I firmly believe, however (and it is too often the case, 80 little 
is à prophet heeded in his own country) that you will be immediately 
appreciated abroad, and I do not doubt but that your tableau, once 
know in the United States and Europe where, I am told, you have 
had your invention patented : I do not doubt, I say, but that as soon 
as you have published your prospectus in a foreign country, 80 soon 
will you have orders and in great numbers for the introduction of 
the tableau in all the Universities, Schools and other institutions 
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devoted to the teaching, not only of youth, but also of maturer years 

among all nations. 

4 C. J. L.-LAFRANCE. 
Professor. 

The following letter from a distinguished mathematician of Al- 
sace, France, sets forth very concisely and generalizes the nomen- 
elature of solids to which the Stereometrical formula applies. 

| ‘ WESTMORELAND POINT, N. B., 4th Nov. 1871. 

‘€ My Dear Sir.—I see that you are bent on doing all you can to 
render your rule for finding the solidity of any body whatever really 
usefn] and practical. I consider that a Stereometrical Tableau suclr 
ar that of which you send me the prospectus is the indispensible 
complement of the rule for the majority of persons who may require 
to use it, and in colleges, etc., this will also be a great help to the 
pupils who are studying analytical geometry of three dimensions and 
spherical trigonometry. 

‘€ Having had occasion to verify the exactness of your formula 
relatively to different kinds of bodies, 1 have found in fact, as you 
say in other terms, that it is strictly applicable to all polyhedrons 
without exception, the same of all solids generated by the revolution 
of curves of the second order around one or other of their principal 
axes as well as to segments of these solids, whatever be the direction 
of the plane of section. In this respect, it seems to me you might 
add to your prospectus, that in general the rule is applicable in a 
manner rigorously exact : 

‘1° To all solids generated by the revolution of a straïght line 
around two planes parallel to one another limited in extent by con- 
tinous outlines of any form whatever and irrcspective of the varia- 
tions of the relative velocities of the two extremities of the moving 
line. 

42° To every solid generated by a plane of definite outline 
moving with uniform velocity in a straight line from one point to 
another, whilst its surface varies in a corresponding manner as the 
square of the generating cord of a zone of any conic section. 

‘“ As to solids generated by regular curves of an order higher 
than the conic sections, it is generally easy enough to subdivide thera, 
with an exactness more than sufficient for all practical purposes, —80 
that the resultant partial solid may be classed in one or other of 
the two categories of solids which I have just described. 

‘6 Moreover, apart from certain kinds of ungulas of elementary 
solids, I see few bodies of regular forms which may be met with in 
practical measurement of guaging or be in use in the arts and trades, 
for which a subdivision repeated beyond two or three times is neces-" 
sury ; and as for irregularly shaped ungulas it will be very easy for 
you to refer to them in your Key to the tableau. 
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‘ I found it very convenient, lately to apply the rule (proceed- 
ing by subdivision) to a trunk of a hyperbolic conoïd generated by 
the revolution of a hyperbola of the 5th order around one of its 
asymptotes, with the view of veryfying the degree of precision 
brought to bear on the construction of a converging copper tube 
baving that particular shape which I have employed in a hydraulic 


experiment. 
KR. STECKEL. ” 





Mr. Steckel, after having proved the mathematical correctness 
of the formula for all bodies mentioned by the author in his pros- 
pectus, has made long and laborious analyses respecting the applic- 
ation of the formula to the ungulas of the cylinder, cone, conoïds, 
and spheroids, &c., &c., and has demonstrated that in fact, as the 
author says, the maximum error for these solids which are moreover 
rarely met with in practice, does not generally exceed .005 or the 
half of one per cent, taking the whole body at one measurement, and 
that this error, little as it is, is easily eliminated and is reduced to 
pothing, 80 to say, by subdividing the ungula, the half frustum of 
spindle, &c., into two or at most into three parts, and applying the 
formula to each of them and afterwards taking the sum of the coni- 
ponent parts. 

The Revd. Mr. Billion (Mathematician of the seminary of St. 
Sulpice, Montreal,) says that ‘the formula is applicable to a whole 
series of other bodies which the author has not spoken of” andïh::e 
mean bodies to which it applies exactly. In fact, let us suppose iv 
body whatever mentioned by the author, for example the frustum of 
a pyramid. This body may be considered as formed by the juxtano- 
sition of an infinity of planes parallel to two bases. Now, let us sup- 
pose all these planes strung from one base to the other by any straight 
or curved line whatever, and susceptible of being eurved or bent in 
any manner whatever. By inclining, bending, curving or twisting 
this kind of dirextrix, every section of the said body is similarly af- 
fected and a new solid results, of the same bases and same height as 
the first, perfectly equivalent in volume, but curved to the arc of a 
circle, parabola or other curve under any law whatever, or bent of 
any angle whatever, the sections remaining always in the same 
plane. If the direction 18 changed into spiral and that the base is a 
circle, we have a wreathed pillar, &c., &c. There then are a multi- 
tude of bodies to which the same formula applies, for the reason that 
they are equivalent to the first ones. 

The author demonstrates his formula to be strictly correct for 
a great number of bodies enumerated and as approximate as could 
be desired for those to which it does not apply in a measure absolu- 
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tely exact. The proposition and the demonstration, in every case, 
are exact and true. 

‘ As for other bodies, it is true that the more numerous the sub- 
divisions, if need be, the closer the approximation to the true ans- 
wer, ? 

‘# The works published up to the present time, says Mr. Blain, 
contain quite a number of different rules for finding the contents of 
solids formed by the revolution of a curve of the second order around 
its axis. These rules which give rise to as many formulas must be 
remembered ; that is, we must overload the memory, without being 
certain of its readiness and faithfulness at the moment we need any 
particular formula. Mr. Baillairgé's formula is general and dis- 
penses with this somewhat painful effort. 

‘ Moreover, this formula is applicable when a solid is generated 
by a curve revolving around an axis not its own, and that is a case 
which has rarely, if ever been foreseen by the authors who have 
written on the subject and whose habitual fault, without intending 
to lessen their profouud knowledge, has been to have always kept 
theory too much in view to the great detriment of practice. 

‘6 I have established with Mr. Steckel, that in the greater num- 
ber of works on mensuration no mention is made of a spheroïd cut by 
a plane in any direction oblique (inclined) to its axes, a case provided 
for by Mr. Baillairgé, No. 1560 of his treatise. No more is anything 
said of a paraboloid in the same conditions, (1,564) and still less of a 
hyperboloid, (1,566). 

‘éGuagers, particularly, may derive immense assistance from 
Mr. Baillairgé’s formula, since the great majority, it might almost be 
said, the whole of the tuns, puncheons, barrels, boilers, kettles, res- 
ervoirs, &c., and all vessels generally used for holding liquids, are 
nothing but segments or frusta of circular, parabolic, hyperbolie, 
or elliptical spindles, spheroids or frusta thereof, spherical hyperbo- 
lic (calottes) domes, frusta of cones or of conoids with concave or 
convex surfaces, &c. 

‘Mr. Baillairgé’s formula also dispenses with the difficulty of 
classifying the solid to be measured, an operation subject to many 
earors in practice. | 

& In fine, the same formula supplies the means of finding the 
quantity of liquid in any vessel only partly filed, in any position the 
vessel may be and without being obliged to change this position, 
(1,577, 1,578, &e.). 

6 I should far exceed the limits of a newspaper article, if I wish- 
ed to enumerate all the advantages of the discovery made by Mr. 
Baillairgé, for it is really a discovery of great importance. 

I say frankly, I at first doubted the exactness of Mr. Baillairgé’s 
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calculations, and before expressing an opinion, 1 made the caleula- 
tions myself, then consulted clever men and well versed in practice. 
I but record here their opinion which will be confirmed later by all 
those who shall emp:oy the new system of measurement. 

Now as to the correctness of the results given by the formula iu 
the case of frusta of spindles, for instance, and of vessels of capacity 
of this kind compared with those by the ordinary rules, the author 
could not do better than publish at length the pertinent remarks of 
professor Gallagher on this subject. 

€ That this formula is mathematically correct, as applied to al 
the solids enumerated by you in your prospectus, there is of coursel - 
no doubt. You have fully demonstrated this in your valuable work 
on Geometry and Mensuration published in 1866. Mr. Steckel has 
not been slow in showing this in a most concise manner in his letter 
to you on the subject, to say nothing of the letters of the RR. MM. 
Méthot and Maiugui on part of the professors of mathematics of the 
Quebec Seminary and Laval University, where the expressions 
étonné ” and ‘enchanté ” sufficiently show the high estimation in 
which your discovery is held by these competent judges ; but, in my 
opinion, you do not sufliciently insist on the great value, the many 
and manifest advantages of your rule as applied to spindles, the 
middle frusta of which are met with every day andin every part of 
the civilized world under the thousand and one forms of casks of 
every conceivable size and variety, and the necessity of measuring 
which with promptness, on account of their number, and with ac- 
curacy, on account of the generally valuable nature of their contents, 
renders some simple, easy and commodious rule, like the one now 
proposed by you, of the first importance to all mankind. 

Now, Sir, that your rule embraces these valuable requisites, let 
me compare it, in its working and in its results, with the rules laid 
down by some of our best mathematicians and authors such as Bonny- 
castle for instance, see Rev. E. C. Tyson's edition of his mensuration, 
page 147. 

Problem XXVII (for example). 

6 To find the solidity of the middle frustum of an elliptic spindle ; 
& jte length, its diameters at the middle and end being given ; also 
4 the diameter which is half way between the middle and end dia- 
 meters being known.” 

Rule, ‘‘ 1° From the sum of three times the square of the middle 
‘ diameter, and the square of the end diameter, take four times the 
“ square of the diameter between the middle and end, and from four 
# times the last diameter take the sum of the least diameter and 
46 three times that of the middle, and + of the quotient arisiug from 
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‘6 dividing the former difference by the latter will give the central 
‘€ distance. 

‘2° Find the axes of the ellipse by Problem II, and the area 
‘ of the elliptical segment, whose cord is the length of the frustum, 
‘6 by Problem V. 

“3° Divide three times the area thus found by the length of 
the frustum, and from the quotient subtract the difference between 
‘ the middle diameter and that of the end, and multiply the re- 
‘ mainder by eight times the central distance. 

6 49 Then from the sum of the square of the least diameter, 
‘€ and twice the square of that in the middle, take the product last 
‘ found, and this difference multiplied by the length and the pro- 
‘6 duct agaïn by .261799, &c., will give the solidity required.” 

Here, the mind is absolutely bewildered at the mere recital of 
the multifarious operations to be performed (not less than ?27 in 
number) and the mere results of each of these operations, irrespec- 
tive of the details of the multiplications, divisions and other com- 
putations necessary to arrive at them, take up two whole pages of 
the book. 

Applied, say to a cask of 28 inches in length, bung diameter 24 
inches, head diameter 21.6 inches, and diameter half way between 
head and bung 23.40909 inches, the result, as fully worked out at 
page 148, 149 of said book, gives 11,8544 cubic inches, very nearly, 
or 51 gallons and 5 half-pints. 

Now, the same example, Sir, by your formula, brings out 11,- 
855.2 cubic in., which differs from the last result by only .0000045 
or less than half an inch on nearly 12000 inches, or the 240th part 
of one per cent in excess, the 14th part of a gill. 

Not only then, is your formula in this case to be considered in 
every respect as accurate as that of Bonnycastle, but it is really 
ormos in practice; for, even if the error in excess attained the 
maximum of .005 or + of one per cent, where is the practical 
measurer or gauger who, for the sake of a quart on a 50 gallon keg 
or half a gallon on a hoghshead, would, could devote hours of his 
time to calculate by the old method what can be done with greater 
aceuracy and in less than ? minutes by the new ; for, every merchant 
will tell you that in practical cask gauging thère is generally an 
error in excess or in defect of from one to two gallons on a hogshead. 

And even this comparative accuracy of the old rule, can only 
be arrived at by taking in all the decimals, which no one would be 
likely to do, on account of the immense labour of the computations ; 
whereas, by the new formula, by reason of its great simplicity and 
conciseness, all the decimals may easily be taken in and no harm 
can result at some of the last decimals being neglected, since tha 
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result as shown above is, and, for convex forms, always is, though 
ever 80 slightly, in excess of the true content. 

Jam wrong however in assuming that the maximum error in 
cask gauging by your rule is .005 or the half of one per cent, neïther 
do you say so in your prospectus, and on the contrary you show 
most satisfactorily at page 708, 709 of your said treatise, in the 
numerous examples given by you and fully worked out and compared 
in each case with the results given by Bonnycustle’s rules, that the 
maximum error in excess does, in your first and 2nd examples, not 
exceed + of one per cent or one quart on a hogshead ; in ex. 8itis 
& of 1 per cent; Ex. 10 gives the maximum error as & of 1 per cent ; 
5 gives } of 1 per cent; Ex. 4 and 12 (2), ,, of 1 per cent; Ex. 9, & 
of 1 per cent; Ex. ? aud 12 (1 and 3), 44 of 1 per cent; and ex. 7, 
of 1 per cent, and these examples cover all varieties and sizes of 
circular, elliptic, and parabolic casks, that is of the three varieties 
generally met with in practice. 

But in dwelling on the formula, I find I have as yet said nothing 
of the all important ‘“ Stereometrical Tableau” without which, as 
you pertinently remark, the rule would be almost as useless in 
teaching mensuration in schools, if not in the practice of it, as 
steam without the steam engine or electricity without the telegraph. 

There are many other advantages, apart from the mere men- 
suration of bodies, which your tableau possesses, as enumerated by 
you in your prospectus and which it is useless for me to dwell 
upon, as I fully concur in all that you claim for it; though I think 
you might have further insisted on the advantage of such a tableau 
in the studio of the apprentice, nay even of the professional 
architect, who will, among the models, find that of almost every 
conceivable shape or proportion of roof, dome, &c., which he may 
be called upon to design; the Civil Engineer, every description of 
prismoïd to be met with in the cuttings or embankments for rail- 
roads, canals, docks, &c., or in the piers or abutments of bridges or 
other structures ; the mechanical engineer, every variety of boiler, 
copper or other vessel and the component parts of all sorts of 
machinery. 

Quebec, 9th December 1871. 





Erxtract from a Discussion of Bailluirgé's Stereometrical formula by 
the Rev. N. Maingui, professor of Mathematics at the Laval Uni- 
versity. 


It is easy to conclude that, in practice, unless it be known before- 
hand that it is required to cube a sphere, an ellipsoid or segments 
of those bodies, it would be extremely long and difficult to estublish 


1° the kind of carve to which the ? directrices belong and 
2° the position of their axes. 
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Therefore it is much simpler to suppose the body to be cubed 
divided into à certain number of sections 80 that the curved side may 
be sensibly à Straight line. These sections, like truncated cones, are 
cubed very readily by the stereometrical formula. 

This is moreover, the only resort for all solids that the stereo- 
metrical formula can not cube at once. The same remark applies a 
fortiori to solids terminated laterally, partly by planes and partly by 
a curved surface. 

Because, in practice, the stereometrical formula cannot give, at 
one attempt, the exact contents of certain bodies, we must not hence 
deduce an argument against this formula ; and for the very simple 
reason that, in these cases, the measurement of the body as a whole 
is impossible. And if in some exceediugly rare cases, certain very 
complicated formulas exist, practically they will give a result less 
exact than the stereometrical formula. 

Up to the present time, a certain number of bodies were worked 
by easy rules ; others by very complicated ones ; others again had to 
be divided mentally into different parts or were reduced by approxi- 
mation ; now the stereometrical formula applies with advantage to 
all these cases 

1° It is as easy to apply as any one whatever of the old rules. 

2° In application it is much simpler than a number of others. 

3° It can compare very advantageously with all the others on 
account of its great exactness, according to the case in hand : the 
preceding demonstration and discussion being intended to show the 
conditions in which the result is rigourously correct in order the bet- 
ter to point out what course to follow for resolving certain problems 
in a satisfactory manner. 

The object of the accompanying formula is and the result of 
its employment will be to popularize and generalize the study of 
solid geometry. The author is free to admit that in Univeraities 
and other establishments of higher education, the advantage of this 
one and only one undeviating formula for the solid contents of all 
bodies may not at first sight appear to offer the same advantages as 
in elementary and other institutions of the kind ; for in the first, 
other rules are taught and the study of algebra and the higher cal- 
culus afford facilities not possessed by the second, of arriving at sa- 
tisfactory conclusions; but, once out of college, all this algebra and 
calculus, all these ever varying fornmulas are soon, very soon forgot- 
ten, and the professional, the highly educated man will lose all trace 
of his mensuration of solid forms ; while the mere artizan, the me- 
chanic, the engineer and architect, the measurer, guager and practi- 
cal man of every grade, who has never learnt aught but to compute 
areas of all kinds by simple rules not easily forgotten, need only 
have recourse to simple addition, multiplication and division to work 
out the contents of the most complicated solid, or of a vessel of ca- 
pacity of any kind whatever. His less fortunate employer, the 
learned professional, will appear to a disadvantage in the eyes of 
the world at large from his incapacity to do the same, unless he also 
shall learn how to use the formula in every case where college and 
university rules and formulas have been long ago forgotten. There 
are now à days too many other sciences to learn and college life is 
too short to allow of devoting years or even months to a study which 
can be mastered in a day, if old fogyism and conservatiem will but 


stand aside. 
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NEW SYSTEM OF MEASURING 


BODIES—SEGMENTS, FRUSTA AND UNGULÆ OP THESE BODIES 


BY ONE AND THE SAME RULE. 


(4) It is useful to gather and present under a concise form the 
various formulæ or rules which relate to the calculation of the super- 
ficies and volumesof the various bodies and figures previously spoken 
of.1 À synopsis of this kind will allow one to refer more easily 
tu those rules, in order to find at a glance the one required, con- 
cerning the problem to be solved ; and some practical examples of 
the various cases, will better teach the pupil the course to be followed 
to arrive at the result required. 


@) To determine an area or a volume ïis,’as has been seen, 
(333% and 1014 G. ?) to find the number of times that this area 
or volume contains another area or volume, which is taken as the 





1 (New Treatise on rectilineal and spherical geometry and trigonometry, &c., by 
the same author). 


2 Rzmanx—The numbers in black print and in parentheses, as (533 and 
1014 G.), (24 G.), (1018 G.), &e., refer to the ‘‘ new treatise on rectilineal and sphori- 
ca! geometry snd trigonometry, &o.,” by the same author, and the numbers also in 
black prjot and followed by & T., refer to the presænt treatise in which the correspond 
ing numbers of the paragraphes or articles relate to the definition, demonstration or solu- 
tion, as the case may be, of the thing enunciated in the treatise in question. 
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measuring anit (24 G.). Thus, when it is said that a square taise 
contains 36 square feet, it must be understood that the mensur- 
ing unit is the square foot and that this unit is contained 36 
times in the square toïse, the lineal toise being 6 feet, and 6 x G 
=%%6. Likewise, if the cubic toise, contains 216 cuabic feet, it is 
that the eubic foot is in that case the uanit of measure, and that this 
auit is contained 216 times in the toise, which beïnug G Hneal feet, 
its volume is (1018 G.) 6x 6x6—216 ; and if the cubic metre 
contains 1000 cubic deci-metres, it is that the measuring uuit is the 
deci-metre and that 10 x 16 x 10—1000. 

(3) The measuring unit which it is proper to employ is usually 
the square or the cube (as the case may be) whose side is (8383 and 
1014 G.) the lineal unit which served to establish the lineal dimen- 
sions of the figure to be measured ; but it is clear that nothing pre- 
vents one from computing in square metres or yurds the surface of 
a figure whose dimensions are expressed in feet or inehes, &rc. ; 
and in the same way it will be indifferent to espress in cubic feet, 
in metres or toises, &c., the content of a body or solid, whose lineal 
dimensions might be given in yards, feet, or inches, &c. ; paying 
attention only to the reductions necessary to change the given ele- 
ments into elements of another name, that is, of a different value. 


(4) The formula of the author, to find at once, er by decomposi- 
tion, the volume of any body, is as follows : 


‘t To the sum of the bases or opposite and parallel end areas of 
‘6 the body to be measured, or of any one of its component slices, add 
4 four-times the area of a section parallel to these bases and situated 
4 half-way between them, and multiply the sum of these areas by the sixth 
‘ part of the height or length of the solid.” 

(5) The new system then requires but the simple measuremenë 
of certain surfaces and sections of the body under consideration, 
since what remains to be done to arrive at the proposed volume is but 
a simple addition of these areas and the multiplication of their sum 
by the height or length of the solid, to take afterwards the sixth 
part of the result. 

(6) But there is often a superficies or area to be measured inde- 
pendant of every consideration relating to the volume of the body of 
which such area forms the total or partial surface. 


For these various reasons, it is then proper to treat first of the 
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MENSURATION OF SURFACES. 
PROBLEM I. 


To determine the area of any square, rectangle, 
loxenge, rhomb or parallelogram. (:) 


E F 
H | 
S R 
P 
(7) RULE.I Multiplg the base (182 G.) by the height (180 G.) 
and the product will be the required area (388 and 341 G.). 


Ex. 1. What is the area of a square wliose side measures 204.3 
foet ? Ans. 41738.49 square feet. 
2. What is the number of squares (the square is 10 x 10=100 
square feet) in a rectangular floor, ceiling, partition, wainscot,roof, 


&c., whose length =60 feet and breadth 35 feet ? Ans- ?1. 
8. What is the area of a parallelogram whose base is 12.25 
and height 8.5 ? Ans. 104.125. 
4. How many square yards of painting, in a rectangle whose 
base is 66.3 feet and height 33.3 feet ? Ans. 245.31. 
5. To determine the area of a rectangular floor whose length is 
124 feet, and breadth 9 inches ? Ans. 94 q. inches. 





(1) See the compenent faces and sections of the prisms and other models of the 
Tasceau. These figures are met with every where in the practice of the measurer, 
goometer, surveyor, &o. ; thus, the floor or ceiling, or one of the walls of a room or apart 
mont wiil be generally à square or a rectangle. The same for a doer orwindow, part of 
which at least will be rectangular, and this figure will be met again in the developed 
sarfaoce of « door, or any other opening which would be arched without being splayed, 
es woll as in the development of the circumference of any apartment the plan of which 
were a cirole or any other eurvilineal figure and of which it will always be easy to 
obtain with suficient acearacy the curvilineal dimensions with the aid of a ribbon, if the 
sarface to be measured be convex, or by means of a rod, thin enough to be fitted to 
the concave eurface to be measured. As for the oblique-angled parallelogram, such 
surfaces gill often be met with where two superposed courses of stairs of the same in- 
elination ocour. The subdivisions of territories into cantons, lots and parts generally 
affect for the most part figures of this kind. 
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6. Required the number of square yards of tapestry necessary 
to cover a parallelogram, whose base is 37 feet, and height 5 feet 3 
inches ? . Aus 21,7. 


7%. How many square feet of glazing in a rectangular window 
being 75 inches high by 3474 inches broad ? Ans. 75 x 374 
144=19 square feet 764 square inches= 197$:5—19.53125 feet, or 6’. 
3" x 3’.1#'= 19.65 = 192:575= 19851 = 19.53 or about 194 sq. feet. 

S. How many square inches of gilding are required to cover a 
surface whose length is 3 feet 3 inches and developed breadth or 
perimeter 13 inches Ans. 507. 


9. What is the number of superficial feet in all the mouldings 
of a stone, wooden or plaster cornice, &c., whose length is 60 feet 7 
inches higb and developed breadth or contour 3 feet 34 inches ? 

. Ans. 199,4 (very nearly) sq. feet. 

+:  REMARK. These developed breadths, contours or perimeters 

are obtained by means of a thread or ribbon which is bent round the 

various mouldings, in a direction perpendicular (996,998,G.) to 
their length. 

10. Required the number of square yards of varnish on a door 
whose height is 74 feet and developed breadth (measured around all 
the mouldings, &c.) 3 feet 1t inches ? Ans. 38q, y. 2f# 8. f. = 38q. 
y. 2.375 sq. f.=3%315 aq. y.=X26%9 sq. y. say nearly 34 sq. y. 

H. How many square metres in a piece of ground being 113.75 
metres long by 10.5 metres broad ? Ans. 1194375. 


12. Determine in square arpents and perches, the area of a 
farm 40 arpents 5 perches deep or long, by 3 arpents 74 perches 
front or broad (10 lineal perches forming a lineal arpent and conse- 
quent]y 10 x 10 or 100 square perches, a square arpent.). 


Ans. 151 arpents 87+ perches. 


(S) RULE IX. Find the product of the two adjacent sides of the 
parallelogram, and multiply this product by the natural sine of the 
included angle. 


It has been seen (12814, 19 G.) that 
when R=1 the perpendicular D E of 
the right angled triangle AED is equal to 
the product of the hypothenuse AD by the 
sine of the angle À ; but DE is the height 
of the parallelogram AC, and since area 
AC=AB x DE and that DE= AD x sin. À, it is clear then that area 
AC=AB x AD *x sin. A. e 
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Ex. 1. What is the area of a rhomb or lozenge whose side is 25 
chains and included angle 57° 33°. Ans. 25 x 25—625, and 
625 » .84386 (nat. sin. of 57°33)—527.4125 sq. ch. 

(9) To solve this same problem by logarithms * 
where R=10, we have (1229 1° G ) R.: sin. A:: AD:DE ; whence, 


DE—AD * sin. À. but, area AG—AB x DE and by substituting to 


R 
DE, its value ADxARÉ, we obtain for area AG, the expession 


AB x AD2E +, or which is the same thing, area AG =— 


AB x AD x sin. À that is, we must add together the logarithms of the tivo 


adjacent sides and the logarithmic sine of the included angle ; this sum, 
diminished by the logarithm of the radius, will be the logarithm of the 
required area. 


+log. AB 25... ne. 1.397940 
+ log. AD 25... 1.397910 
Log. area AG—4 +]og. sin. A 57°33/....____..... 9.926270 
— log. R..-..........._.. PRES 10. 
Log. area. AG=  -........-............... 2.722150 


The next less log. 2.722140-—527.41 chs. ; the difference between 
this log. and the log. found is 10, to which adding (1286 &G.) two 
ciphers and dividing by 82, we have (very nearly) 22 which is added 
to the right of the figures 527.41 already found, making as before, 
527.4122. 

Ex. 2. Required the area of a farm the sides of which are res- 
pectively 404 arp. and 3 arp. 74 per. and the enclosed angle 57°33/. 


AnsS..._..__..... +log. 404 arp. or 405 per.._.._.... 2.607455 
+ log. 3 arp. 74 per. or 37.5 per.... 1.574031 


Log. required area.=4{ , log. sin. enclosed angle 57° 33... 9.926270 


Log. required surface—.............................. 4.107756 

The next less log. .107549 corresponds to the number 1281 ; the 
difference between this log. and the log. found is 207 ; adding the 0 
and dividing by the dif. (D) 338, we obtain 612126 which are written 
(1286 G.) to the right of the number already found 1231 to get 
1281612426 ; but the characteristic of the found log. is 4, which cor- 
responds (1273 G.) to 5 integer figures ; then the required area 
is 12816.12426 perches, or 128 arp. 16.124 (or 162) perches, nearly. 





(1) For the tables of logarithms, s6e the ‘ Now troatise of Geometry and Trigo- 
nometry, &4c.,”’ by the same author. 
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PROBLEM IT. 


To find the area of a triangle. ’ 


À 


C D  F 
1ST CASE. 
When the base and altitude are given. 


6 
(0) RULE. Multiply the base by the altitude and take half the 
product, Or, multiply one of these dimensions by half the other, (844 or 
848 G.) 
Ex 1. What is the area of a triangle whose base is 625 and al- 
titude 260 ? Ans. 162500. 


2. How many square yards of plastering are there in a trian- 
gular surface whose base is 40 feet and altitude 30 feet ? Ans. 663. 


8. How many square metres in a triangular piece of ground 
whose base measures 30 metres 7 deci-metres, and altitude 17 metres 
39 centi-metres Ÿ Ans. The required surface —30.7 metres 
x 17.39 metres—266.9365 sq. m. 


4, How many squares of clap-boarding are required to cover a 
gable whose base is 39 feet 9 inches and height 23 feet 4 inches ? 


Ans. 4634 sq. ft. =4 squares 634 sq. ft. 

8. To determine the number of squares of roofing with thatch, 

tile, alate, shingles, zinc, lead, copper or other metal, &c., in a hip- 
roof whose base is 65.4 feet and height 37.3 feet ? 

Ans. 12 squares 19.71 sq. ft. 


(1) Bee the component or limiting faces of the pyramids and other models of the 
tableau, and the sections or parallel planes as indicated by the line half-way between 
the parallel bases or faces. The trianglo, like the parallelogram, is often met with in 
the practice of the measurer, &o. The gables of a. building, the hips of roofs, the sides of a 
garret-window, &o., assume that kind of figure ; and it is not uncommon either to have 
to determine the area of a triangular piece of ground. 
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2ND CASE. : 


When there are two sides given and the included angle. 


1) RULE. Find the continued product (41 Gt.) of the two given 
sides and of the nat.1 sine of the included angle ; the half of this pro- 
duct will be the required area. 


We have (1281 1° G.) as in 
the case (S T) of the parallelo- 
gram, CD= AC > sin. A or BC x 
AB x CD 

2 
and since CD=AC *sin. À or 
BC x sin. B, we obtain for the 
area of the triangle the expres- 


ain. B ; or area ACB= 





” sion # (AB x AC * sin. À, or & (AB x BC x sin.‘B). 


Ex. 1. What is the area of a triangle two sides of which are 
90 and 40 and the enclosed angle 30° ? Ans. 300 8q. m. 

2. Determine the area of a triangle one side of which is 
45 yards, another side 37 yards and the enclosed angle 60° ? 


Ans. 720.9661. 
8. The other data remaining the same, to determine the area 
for an enclosed angle=45° ? Ans. 568.6664. 


2) By Logaritims. Add together the logarithms of the 
fwo sides and the logarithmic sine of their enclosed angle ; from this 
sum lake 10, log. of the radius, and the remaïnder will be the log. of 
double the area of the triangle. 


For, (@. 1329 1°) R : sin. À :: AC : AD or R : sin B :: BC : 


CD ; whence, CD = En A RO BE, and as area ABC 


=BA x CD, we have area ABC=—ÂAB X 2 sin. ÀA__AB X LE 8in.B. 
Ex. 1. Required the area of a triangle whose sides are AB=— 
125.81, AC = 57.65, and the enclosed angle A=57°25 ? 


(1) For the tables of natural sines, &c., s0e the « New treatise of rectilineal, 
and spherioal goometry and trigonometry, &o. ” by the same author. 
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+ log. AB 125.81... 2.099715 
Ans. +log. AC 57.65... 1.760799 
+ log. sin. À 57°25". 9.925626 
Log.2ABC=— 8 
ë + log. BR... 10 
Log. 2 ABC=.............:. 3.786140 


And ? ABC—6111.4, or ABC=3055.7 =area required. 


2. How many square yards in a triangle whose sides are 25 feet 
and 21.25 feet and the enclosed angle 45° ? Ans. 20.8694. 


_ 


JSRD CASE. ‘ 
When the three sides are known. 


(13) RULE I. Add the three sides together and take half their 
sum. From the half-sum take the three sides severally. Find the 
continued product of the half-sum and the three remainders. This pro- 
duct avill be the square of the area of the triangle, and the square 
root 1 of this product the area required. 


Let ACB be the triangle. Take CD 
equal to the side CB aud draw DB ; draw 
AE parallel to DB, to meet at E the pro- 
longed side CB : CE will then be equal to 
to CA. Take CFG perpendicular to DB ° 
and consequently also to AE which is par- 
allel to DB ; CFG will bisect DE, AE at 
F'and G. Draw FI parallel to AB, FHI ï 
which will meet CA at Hand EA prolong- “7 7 Cr ne: 
ed at I. Finally, from the centre H, with KL 
radius FH, describe the circumference of a circle ; this cireum- 
ference will meet at K the prolongation of CA, pass through the 
point I, on account of AÏI—=FB—DF (whence, HI=HF), and pass 
also (444 G) through the point G, because FGI is a right angle. 


Now, since HA—HD=—+# AD and CD=CB=# CD ++ CB, it is 
clear that CH is equal to the half sum of the sides AC, BC of the 
triangle ; that is CH=+ CA +4 CB ; and since HK=—+IF—4A8B, it 
follows that CK=1+3AC + 4BC + +1AB=—4HS, if the sum of the sides is 
represented by S. 


Moreover, HK=—HI—4IF=4AB, or KL = AB ; whence, CL=CK 
_—KL=iS—AB, AK—=CK—AC=34S—AC, and AL=DK=CK—CD 


* 





Lie 





(1) See the tables at the end of this treatise, 
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=48—BC. But, AG x OG=area ACE, and AG x FGæarea ABE, 
whence AG x CF = area ACB; and by similar triangles, AG : CG :: 
DF : CF, or as AI : CF ; therefore AG x CF (area of ACB)=CG x DF= 
CG x AI ; then AG x CF x CG x AI or, which is the same thing, AG x 
CF x CG x AT is equal to the square of the area ACB. 

But CG x CF=—(576 G.) CK x CL=HS x (48—AB), 

and AG xAI=(572 G.) AK x AL=(4S8—AC) x (39—BC) ; 

whence AG x CF x CG x AI=14S x (45—AB) x (48 —AC) x (48— 
BC)=ares ACB x area ACB=(area ABC):. 

Ex. 1, Say to find the area of a triangle whose sides are 20, 


90 and 40. 
20 45 45 45 
90 20 30 40 
40 


25= lat remainder. 15— 2nd rem. 5=3rd rem. 


2 
Fe =half-sum. 
Now 45 x 25 x 15 x 5 = 84375. 
The square root of this product is 290.4737, the required area. 
2. The three sides of a triangle being 24, 36 and 48 ; what is its 


area ? Ans. 418.282. 
8. Required the area of an equilateral triangle whose side 
is 25 ? Ans. 270.632. 


(14) By Logarithms. fier having determined the three re- 
mainders, make the addition of the logarithme of the half-sum and three 
remainders ; the half-sum of the four logaritims ‘will answer to the 


required area. 
Ex. 1 How many square yards of plastering in a triangular sur- 
face whose sides are 30, 40 and 50 feet ? Ans. 664. 


2. The three sides of a piece of land mensure 505.3, 330.7, and 
402.5 metres. What is its area ? 


505.3 619.25—505.3-—113.95—1st remainder. 

Re 619.25—330.7 —288.55—=?2nd remainder. 

D 619.25 —402.5=216.75=3rd remainder. 

1238.5 
619.25 = half-sum. 

+ log. half-sum 619.25. ..... 2.7918660 
+log. lst. remainder 113.95. -...._.. 2.0567143 
+log. 2nd remainder  ?288.55......... 2.4602211 
+log. 3rd remainder ?216.75......... 2.4359591 
2)9.6447605 

4,82238025 


This log. corresponds to 66432.447 vhsl is the required area. 
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(15) The same example by natural numbers will 
show the advantage resulting, in the present caso, from the use of 
logarithms to diminish the work ; but, on their side, natural 
numbers have this advantage over logarithms, that by taking 
in all the decimals, with even the addition of ciphers to continue if 
need be the division or the extraction of the fractional part of the 
required root, precision may be carried to any degree of approx- 
imation required, whilst we cannot with exactness give to the answer 
obtained by logarithms, à greater number of figures than contained 
in the fractional part of the log. itself, as shown by the inexactness 
of the last figure (7) of the answer thus obtained. 








619.26 70663.53 75 20361108.7466 25 
113.95 2 88.55 216 75 
3096 25 362817 68 75 101805543 7281 25 
66732 5 3528176 87 6 1425277612 1937 6 
185775 56450830 00 122166665247 3750 
61925 5664508300 0 20361108745 625 
61925 1411270750 407222174912 50 








70563.53 75 20361108.74 56 25 6)4413270320.61 4218 76 
36 























Proof, 12,6) 813 
66432.4493 + 756 V=66432.449304 + 
66432.4493 + — 

132,4) 5727 
199297 3479 5296 
697920 437 
26572979 72 1328,3 43103 
265729797 2 39849 
1328645956 
1892973479 13286,2 325120 
2657297972 265724 
3985946958 — 
3985946958 132864,4 5969661 
—— 5314576 


4413270319.9970 7040 + ———— 
1328648,4) 65508542 
53145936 





13286488,9)1236260618 

1195784001 
132864898,3) 4047661775 
3985946949 








1328648986, 0,4)61 7148260000 
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(16) RULE KI. Take for base of any given triangle ADE, its 
greater side DE ; find (578 G.) DE : AD + AE :: AD—AE : CD, dif- 
Jerence of the segments BD, BE of the base by the perpendicular AB ; 
then (867 @&.) DB=34DE+4DC or BE = 4DE—4DC ; now you will 
hate (308 G.) the perpendicular or altitude AB of the triangle = 
VAD?—BD'or,make (1229 G. 1° alt. or 1235 G.) AD: sin. B (=R) 

:: BD : sin. BAD, to obtain (K281 G., 2°) AB = AD x cos 
BAD, when R=1, that is, if you work by natural numbers or, AB = 
AD *x cos. BAD 





{f you work by logarithms, where log. R=10.  Finally 


R 
you will obtain area ADE = 4(DE x AB). 
A 
D C B E 


Ex. The data being still the same as in the last example; we 
ahall have according to the rule 


AD = 402.5 AD = 402.5 DE =505.3 = base 
H+AE = 330.7 —AE = 330.7 9 = 9252.65 = half-base 
= sum 733.2 =dif, 71.8 
DC - 104.183178—-dif. of the seg. 4DE--252.65 
92== 52.091589--half-dif. + $DC— 52.091589 


==seg. B1D--304,741589 
Nat. sin, found--.7571220 corresponds to 49° 12’ 10.0737’’==BAD. 
DE : AD+AE :: AD—AE : BD—BE (or DC) 
505.3 : 733.2 :: 71.8 : 104.183178 +==-DC 
71.8 





58656 
733 
51324 


505.3)52643.76 (101.183178 + ! 
5053 








1 It is bocause this quotient must onterinta th: euleulatinn to be mn le ta find the 
sine of the angle BAD that it is necessary to cnrry the decimals far enough to secure 
suffcient exactness in the last figures of this sine, 





, ES 
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21137 AD :R:: BD 
20212 402.5:1 ::304.741589 

28176 
9266 
5053 22991 
20125 
42030 
40424 28665 
28175 
16060 
15159 4908 
4026 
9010 — 
5053 8839 
——— 8050 
39570 —— 
35371 7890 
41990 


Nat. sine found—.7571220 





*sin. BAD 


: .1571220— 


Dif. of cos. for 60'’—2202 


Next less sine.—.7569951—49°12 60’ : 2202 : 40.0737”’ : 14707 
2202 


Difference 1269 











Dif. for 60/— 1900 801474 
-1900 : 60’’ : : 1269 : 40.0737’’ 801474 
6 801474 
1907614 — 6882422 
760 ==147070 





1400 
AB=—AD *%x nat, cos. BAD 
s BAD--49° 12’ 40.0737' 
Nat. cos. 49° 12’ — 65342060 
Dif. for  40.07'-= — 14707 


Nat. cos. of 49° 12’ 40.0737/’ 65327353 
x AD 402.5 


3226636765 
130654706 
261309412 


AD x nat. cos. BAD—AB—-262.942595825 
x DE 505.3 
788897787475 
1314712379126 
13147129791925 


ABxDE=—2 area ADE— 193286489367 03 


+ AB.DE—  66432.44683 = area ADE. 


me — —— 
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7) The area found according to this rule is 66432.4468 square 
metres. The exactness of this result is yet, as it is seen, carried but 
to the 7th figure, and it cannot be otherwise since the natural sines 
used and which enter, as elements, into the solution of the problem, 
extend but to 7 figures, the last of which even is always too great or 
too small according as it has been, or not, increased by unity when 
the following figure is greater or less than 5. 


(18) Let us remark here that this example, the calculation ofwhich 
we have just made, in three different maunners, allows once to compare 
the amount of work required by each mode of solution, and enables 
one to choose when required, whether tho most expeditious means 
(the first) or the one admitting of the greatcst precision (the second) 
or the one requiring no extraction of a root (the third). 

9) It is hardly necessary to remark that this problem, like the 
preceding one, and the one following, may also be solved by means 
of a graphic construction allowing one to establish with the help of a 
sufficiently subdivided scale, the length or value of the perpendi- 
cular AB in terms of the base or sidcs ; aud that is often enough 
the shortest, though not the most precise mode of arriving at the 
required result. 


PROBLEM III. 


To find the area of a trapezium. ! 


7, 
D C 
(20) RULE Find (846 G.) the sum of the two parallel sides ; 


#maultiply this sum by the height or breadth of the trapezium, and half the 
product will be the required area. 





1 See the component faces (bases and lateral faces) and the sections and paral- 
lel planes of the prismoids and other models of the TaBLeau. The trapezium (172 @.) 
presents itself ofton enough, in practice, to the caloulation of the mea-urer. Thus, 
the interior table of a window whose sides are generally splayed, presents the form of 
a traperium ; 80 for the ceiling of a window door or other splayed opening; and it is 
plain also that the developed surface ABCD, (part of a concentrie ring, see the parallel 
bases of the hollowod cylinder of the TaBLrau and the lateral faces of tho sections of 
the hollowed sphere),ofthe jumb of a curved as wellassplayed À B 
opening may also be considered as a kind of trapeziam with 
parallol curvilineal bases,but whose aren is equally determin- (_7 
ed by the rule here givon, since that figure is nothing else but a D C 
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Ex. 1. In a trapezium, the parallel sides are 104 and 12} feet, 
and the perpendicular distance betwcen these sides 3 feet 2 inches. 
What is the area ? Ans. + (10h + 12h) x 33 —4(10.5 + 12.25) x 3.166 
=11.375 x 3.166 — 36.012325 sq. feet. 


2. Required the area of a piece of ground whose parallel sides 
measure respectively 75 and 122 links, and the perpendicular 154 
links ? Ans. 15169 sq. links. 

8. How many square feet area in à board whose length is 124 
feet, breath at one end 15 inches and at the other end 11 inches 

Ans. 13—213.541666 + 

4. How many square yards in a trapezium whose parallel sides 
are 240 and 320 feet, and height 66 feet ? Ans. 20531. 

5. The parallel sides of a farm are 12.51 and 8.22 chains, and the 
perpendicular 5.15 chains ; what is the area in square chains 


Ans. 53.37975. 
PROBLEM IV. 


To find the area of a quadrilateral.! 


(21) RULE. Hultiply (351 G.) either of the diagonals (1YS G.) 
of the quadrilateral, by the half-sum of the perpendiculars drawn from 
the opposite angles to the common base. 

| Ex. 1. What is the area of a 
quadrilateral BD whose diagonal 
AC is 42 feet, and perpendiculars 
BF=18 aud DF=16 feet ? 
Ans. 7/l4sq.ft. A 


2. How many square toises of 
paving are there in a quadrilateral 


whose diagonal is 65 feet and the D 
two perpendiculars 28 and 334 feet ? 
Ans. 55.52083. 





frustum or part of a oiroular ring, andthat the mode (LEA G.) of arriving atthe 
area of that figure is like the one that show: how to determine the area of the trapezium 
80 called. Tho trapesium is aïso often met with in the floor or oviling of a room, two 
sides of which only are parallel, in the roof of a dormer-window, flight of stairs, roof or 
ceiling of a garret, and the sidee or jambs of a rectangular window assume also this 
form whon the coiling or table is inclived or splayed. Finally, we are very often called 
on to determine the area of à lot of ground having the form of a trapezium. 


1 See the bases, lateral faces, sections or parallel planes of certain models of 
the TABLEAU. 
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3, How many square metres area in a quadrangular piece of 
ground one of whose Diagonals is 64 metres and the perpendicular 
distances from this Diagonal to the two opposite angles, 28 and 3? 
metres Ÿ Ans. 1920 sq. m. 

4. Determine the number of squares of flooring to cover a 
quadrilateral space, whose diagonal is 108 feet 6 inches, and the per- 
pendiculars 56 feet 3 inches, and 60 feet 9 inches ? 

Ans. 63 squares, 47% sq. ft. 
5. Required the number of arpents in a piece of land one of whose 
diagonals measures 70.5 perches, and the perpendiculars #6.5 and 30.2 
perches ? Ans. 19 arp. 98.675 per. 


PROBLEM V. 


To find the area of an irregular polygon.! 


(22) RULE.—Measure the diagonals which will divide the given 
polygon into quadrilaterals and triangles. Determine separately the 
areas of these component figures ; their sum will be the area required. 

Ex. L. Determine the area of 
the polygon BE, in which BD = 
184, CK=12$, AD=274, BL=9.5, 
EH=14, AE = 40, and FG=8. 

Ans. } (BD x CK)=+# (18.5 x 
12.8)=118.40= area BCD, + (BL + 
EH) = 4 (19.5 + 14) = 11.75 and 
quadrilateral area ABDE= AD > # 
(BL + EH)=27.5 « 11.75=%3.125, area AEF — AE x 4FG—40 x 4= 
160. Area ABCDEF=—118.40 : 423.125 + 160 —601.595. 


2. Required the number of acres (the acre is 100,000 square links) 
ju a polyyoual piece of grouud BE whose diagônuis BD, AD and AE 
measure respectively 13chains (the lineal chain is 100 links)—33 links, 
13 chains 99 links, and 14 chains 13 links, and whose perpendiculars 
CK=173 links, BL=2 chains, EUZ=21 chains and FG 34 chains. 

Ans. BDxCK=133 173—230609-2=— 1153041 = area BCD. 
AD x BL=1:399 x 200=—279800-2=—139200 =aren ABD. 
AD x EH=1399 « 220 = 307780+2—=1539%90 —=area ADE. 
AE x FG= 1413 x 375=—529875-:2=—2619%371= area AEF. 





2)13.48064 6.7403 =area ABCDEF. 
6.740 that is 6 acres and 74032 sq. 1. 


1 See the bases, lateral faces, sectious or parullel planes of certuiu models of the 
TABLEAU. 
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or 6 acres ? roods and 240% links (the rood being the fourth part of 
the acre, that is 100000 - 4=—25000 links) 

or 6 acres, ? roods, 38 perches, and 282 links (the lineal perch being 

the fourth part of a chain, that is 25 links, and the square perch con- 

sequently=25 x 25=625 sq. links.) 


PROBLEM VI. 


To determine the area of a long and irregular figure 
bounded on one side by a straight line.* 


(23) RULE. 1° Measure, at each end of the straight line, the 
perpendicular breadth of the figure ; measure also this breadth at several 
intermediate places cquidistant from each other. 

2° To the half-sum of the extreme breadths add the sum of the in- 
termediate breadths ; multiply then the sum thus obtained by one of the 
equal parts of the line of base ; the product will be very nearly the 
area required. 





1 Guuter's chain is 66 english feet, divided into 100 links, each of which is con- 
sequently — 66 = 100= 7.92 english inches. "l'he acre is equivaleut to 1 chain X 10 
chaine = 10 square chains = 4 perches X 40 perches = 160 square perches— 100 links 
X 1000 links=— 100000 square links. The advantage of this division of Gunter's chain 
into 100 parts cousiats in this, that all the dimensions which it helps to estublish, are 
immediately applieuble «nd without reduction to decimal calculation. The opera 
tion being doue, 5 decimalr are cut off, the ramaining figures to the left being acres 
since there are 100000 links in the nacre aud that to eut off 5 ligrures is equivalent to di” 
viding by 100000. It is plain also that for the roods we have but to multiply firat 
the remainder by 4 and again cut of 5 figures, which is equivalent to dividing at once 
by 25000 {nnmber of links ina rood) and is by fur more expeditions. For perches, the 
second remuainder is then multiplied by 40, cuttinys off 5 figures as before, since the 
perchis the 40th purt of tha rood ; or if desirnble to neglect the roods, the tirat remain- 
der may be at once multiplied by 160 (1 X 40) and 5 figures equally ent 
of. ‘l'he last remainder .45190 is evideutly a fraction of a perch, that js, A0 fa 


perch; and the rquare perch being 625 links, 0f6%5= .006%5, this number 


To 00 
multiplied by the nnmerator .1451%0 gives the 282 liuks of the answer; that ia: 
for the linksthe last remuinder is simply multiplied by 6% and 5 decimals cut off 


as before. 


2 ‘The tracts of land which are near, and are bonnd- 
ed on one side by the windings of a road or river, &c., 
ofteu present to calculation fignres of this kind; or, after 
baving determined by the method of the last problem the d, 
area of the rectilinenl polygon ABCDE which forms partof b/ 
tbe irregular polygon AëBCDEedA, the method of the pre- | 
geut problem will be made use of to obtuin the secondary 
aud irregulur parts Aabcl, AdeE. 
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Let AEea an irregular figure having for 
its base the straight line AE. At the points 
A, B,C, D and E, equidistant from each  :  ‘ ‘  :i  : 
other, draw the perpendiculars Aa, Bb, Ce, À NE © D 3 
Dd, Ee and designate these perpendiculars 
by the letters a, b, c, d, e. 








Then (8235 Gythe area of the trapezium ABba= ste x AB, 
the area of the trapezium BCcb=0 + € x BC, 
the area of the trapezinm CDde={ E x CD, 


and the area of the trapezinm DEed=* re x DE ; 


then, their sum, or the aren of the whole figure is eqnal to 


(° + b,b + ce, + a,d + °) « AB. 

















2 3 2 > 


LÀ 


since AB, BC, &e., are equal to each other. But, this snm 


Ge re+axs)* AB. 


is equal to 9 


expression which agrees with the ennnciation of the rule. 


(24) If Aa becomes very small, we will none b CE 
the less have area. ABba=<"? xABaudifa 4 Ji DS , 
and A are confounded in one & the same point, A B 6 D - 


or that the trapezinm ABba hecomes the trinngle ABb, we will have 
a+b_p. in thisease it is plain that the expression for the area of the 


2 Oo ? 
bre cird de 


figure AEedbA becomes G ler ) x AB, or, which is 








Le À 


the same thing, (bietdrre)x AB. And if Ecbecomes also=0, the 
expression for the area AEdbA will take the form (b +c+4) x AB. 


Ex. The broudths of au irregular figure at 5 equidistant points, 
being 8. 2, 7. 4, 9. 2, 10. 2, and 8.6 and the leugth of the base—40 ; 


what is its aren ? . 
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One of the extreme breadths= 8.2 the whole base = 49 
The other extreme breadth= 8.6|One of the equal parts=—40--4= 10 
_—— | Sum of the breadths —=45.2 


Sumoftheextreme breadths=—16.8 | Multiplied by 10 
Half sum — 8.4|—=area wantod —=352 
let intermediate breadth — 7.4 

24 intermediate breadth — 9.2 

Jd intermediate breadth  —10.2 


Sum of the breadths =35.2 


8. The length of an irregalar figure being 84 metres and the 
breadths, at six equidistant points 17.4, 20.6, 14.2, 16.5, 20.1, and 24. 
4 metres ; required the afea. Ans. 1550.64 ag. m. 


8. The length of a strip of land is 125 perches and its breadth in 
15 different and equidistant points, is 5.2, 4.6, 7.2, 8.3, 9.4, 8.1, 7.3, 
7.9, 6.6, 7.2, 7.3, 8.4, 7.4, 6.5, and 5.8 perches. What is its content ? 


Ans. The sum of the extreme half-breadths and of the interme- 
diate breadths=— 101.7, the length 125-14=—8.92857 and 8.92857 x 
101.7 =908.0356 square perches. (1) 


(25) REM. Some authors teach how to determine the aréa 
of the figure of this problem by finding the product of the whole 
base AE by the mean ofthe breadths which is obtained by adding 
together all these breadths and then dividing theirsam by their num- 
ber. This fule is erroneous, and the more 80 the less the number of 
breadths or divisions in the figure to be computed. The error of 
this method, in case there were bnt three component parts and con- 


ne? = 


1. Jf the lineal perch in question here is 18 french feet, that is, the tenth of an arpent, 
the aren just found will be equivalent to 9 square arpents, 8.0356 square perches, 
for, as it has already been remarked, the sqnare arpeut is 10 X 10 perches==100 square 
perches, and as the square perch is 18X18=—324 square feet (or the square urpent 
32 X 1002532400 square feet) the decimal .0356 of a sqnure perch may be reduced if 
need be into square feet by multiplying by 324, which gives in this example 11.53 
square feet. Jf, on the contrary the lineal perch rere 164 english feet which is that of 
Gunter’s chain, we would have nfter dividing by 160,5 acres, 108.0356 perchs, and if 
we desired afterwards to reduce into square feet, the decimal ofa perch, itis plain that 
the square perch being 164X 164=272.25 square feet (or the acre=272.25 X 160 or 
66X 66043560 square feet) it would Le sufficient to multiply .0356 by 272.%5 to have 
9.69 english squure feet. 
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sequently four heights or breadtbs, might reach to 25 per cent short 
of the exact area. It r‘-es for the mean breadth, in this example, 
107.2-15—=7.1466: ;.1466 x 125=893.325 square perches instead of 
908.055 ; or an error of nearly 15 perches of ground. 


PROBLEM VII. 


To find the area of a regular polygon. 


(26). RULE 1. Multiply (668 QG) the perimeter of the polygon 
by its right half-radius, and the product till be the required area. 


REM. If the polygon be known but by its side, determine first 
its right radius in the following mauner : Divide 360° by the num- 
ber of aides of the proposed polygon, and the quotient will be (630 @.) 
the angle at the centre ; that is, the angle subtended byÿ one of the 
equal sides. Now the right and oblique radii of the polygon form 
with the half-side a rectangular triaugle in which the base is knowu, 
that is the half-side, aud the opposite acute angle, that is, the hulf- 
angle at the centre, to find the perpendicular or right radius of the 


polygon. 


Ex. 1. Say to tiud the areu of à regular 
hexagon whole side is 20 feet ? 
| à 


Ans. 960° -6—60 and 60-2=:30° angle 
AOG, half of AOB. We have also OAG= 
90° —A0G=60° and AG = 10 ; then (1825 G.) 
sine AOG : AG :'sine OAG : OG : whence, 





Sin. AOG 30°.......................... 
is to sin. OAG 60° .............. see 9.937531 
a8 AG 10 cou 1.000000 
is to OG 17.32052.......................... ue. 1.238561 


Now as there are 6 sides, each equal to 20, we will have the 
perimeter 20 x 6—120 aud the aren—120 x & (17.32052) or which is 
the same—17.32052 x K120)—17.32052 x 60 = 1039.23120 s. f. 

Ex. 2. What is the superfcial content of an octogon whose side 


. 1820? Ans. 1931.368. 





EL. See the parallel buses of the risht prix and prismoids of the T'ublean and 
their parallel sections, ur plinen. 
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For the angle at the centre=360°--8—45° the half of which 
22° 30’ is the angle AOG adjacent to the right radius, and its comple- 
ment OÂG consequently --40°-—220:0"—67°30 ; but we have (1284, 
8° &@) OG—=AG x nat. tang. VAG=10 x 2.41421=—24.41421 and area 
= 2441421 x 80 (half-per.)= 1931.368. 

8. Required the «ren of a non:gon whose side measures 8 feet 
and the perpendicular drawn froiw the gentre = 10.99 feet. ? 

Ans. 395.64 sg. t. 

4. Find the area of à regular heptason whose side =19.38 and the 
right radius—?8 ? Ans. 1899.24. 

5. The side of à pentagonu—"?5 metres aud the distance from the 
side to the centre—17.2 metres ; what is its content ? 

Aus. 1075 sq. m. 

(27) With the help of this rule, it is easy to obtain the area of 
any polygon ? that is of a poly gon of any number of sides. Having 
calculated and disposed under the form of the following table, the 
relative areas of the various polygons having for side unity or 1 ; 
namel : ‘ 
Radius of the 


Kadius of the J'he angle 


Name. circum. circle. Sites. inscr. cirele Area. OAB. 
Triangle. .... 0.5773003 .. 3 0.2886751 .. 0.1330127 .. 30° 
Square... .... 0.7071068 .. 4 0.5000000 .. 1.0000000 .. 45 
Pentagou...-0.8506508 .. 5 (0.6881910 .. 1.7201774 .. 54 
Hexagon..... 10000000. (Gi 0.8660254 .. 25980761 .. 66 
‘Heptagon....1.1523824 .. 7 1.022607 .. À 6330101 . 643 
Octagon ? .-.1.3065628 .. 8 12071063 .. 4.8284971 .. 671 
Enneagon....1.4619022 .. 9 13737387 .. 6.1818242 .. 70 
Decagon...-.1.6180310 .. 10 1.5388148 .. 7.694208 .. 72 
Undecagon.._1.7747324 .. 11 17028436 .. 9.656399 .. 737 


Dodecagon...1.9318517 .. 12 1.8660254 .. 11.1961521 .. 75 

And because (563 G.) the arens of similar polygons are to each 
other as the squares of their homologous sides, the area of any 
given polygon will have to the square of its side the samo relation 
that the area of the polygon of the same name aud whose side is 1, 
has to the square of unity ; whence, we have : 

@s) RULE IT. Squarc the side of the given polygon ; multiply 
then this square by the area of the polygon of the same name those side 
îie 1 : the product will be the required area. 





1 See the bases aud parallel sections of the prisus aud prismoide, &c., of the 
Tableau. 

2, Ju the case of the regular or aven ayimmetricul octogon the suren ia imuwedintely 
obtained by tuking Frouw the squure of the double right radins or xpnthem on one of 
sides, the square of the other side, us will Le soen in the inensuration of nolidu, 


- ————© — —— 
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Ex. I What isthe area of a regular hexagon, whose side is 


Ans. 202— 400, the aren of the hexagon of the table=2.5980762, 
and 2.598076? * 400= 1039.2304800, as before. 
2. Determine the superficial content of a pentagon whose side 
is 25 yards ? ° Ans. 1075.298375 sq. y. 
8. The side of a decagon mensures 20 metres ; what is its area ? 
Ans. 9077.68352 sq. m. 
4. Find the area of a duo decagon whose side is 6 ? 
Ans. 403.0614864. 
8. The side of à piece of ground having the form of an equilate- 
raltriangle measures 3arpents 7perches and 6 feet, what is its content ? 
Ans. 37} per. x 374 per— 13937 or 139:3.77777, x 0.4330197 = 603. 
3234787 or 6 square arpents, 3! square perches nearly. 


PROBLEME VIII. 


To find the cireumférence of a circle * whose diameter 
is known, or the diameter of a circle of which 


the circumference is known. 


à 


(@9) RULE. Multiply (68% 6.) the diameter by 3.1416, and the 
product will be the circumference ; or divide (687 @.) the circumference 
by 3.1416, and the quotient 1ill be the diameter. 

Ex. 1. What is the circumference of a circle whose diameter is 
25? Ans. 78.54. 


2. Ifthe diameter of the earth be 7912 miles, what is its cireum- 
ference ? Aus. 24884.6136, 


8. Determine the diameter, to circumference 11652.1944 ? 
Ans. 3709. 


4. Required the circumference, when the diameteris 17 metres ? 
Ans. 53.4072. 


5. The ,circumference of a circle is given = 354 foet, determine 
its diameter ? Ans. 112.681. 


nt 


1. See the bases and sections or parullel cutting pluues of the cylindere, cones 
and franta of right cours, frusta and segments of spheres, &c., among the models of 
the Table. 
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REM. The relation 7:22 would give for this diameter 112.63.6 
This last result, is too small by -$$, of a unit or ;5$55 of the whole, 
and enables one to judge of the relative exactness of the two ratios. 


PROBLEM IX. 
| 
To find the area of a circle. 


(80) ROLE 1. Üultiply (431 G.) the circumference by half the 
radius. 

RULE XI. Multiply OA G.) the square of the rudius by 
3.1416. 

RULE III. Multiply (den. of 684 G). the squure of the diame- 
ter by .7854. 


Ex. 1 What is the area of a cirele of which the diameter is 10 ? 


La 


Ans. 78.54. 
If the diameter were 100, the area would be........... 7844 
If the diameter were 1000, the area would be........... 785400 
a. The diameter is 7, and the circumference 21.9912, what is the 
area of the circle ? Ans, 38.4846. 
8. How mauy square yards are there in à circle whose diameter 
is 3} fect ? Ans. 1.069016. 
4. The diameter beiug 7, what is the area of the circle ? 
Ans. 38.1816. 


5. Fiud the area of a cirele whose radius is 30} perchs ? 
Ans. 29224731 square ‘perches. 
(RULE 1V.) Multiply the square of the circumference by .07958 : 
the product will be the areu of the circle. For, let c the given circum- 
ference, d the diameter and 7=3.14159 ; then (686 G) c=7Td, and 


(687 G.) d== ; thence the area of the cirele="® since (1024 G.\ 


2 
the area of a circle whose radius is r=7Tr and that d=ar ; but «since d 


2 
_€e 3 e\?_ C. Fd? LE d 
— 2 We have d = (5) = À and 88 =} Td , we have 7 1 =Èt 
2 3 2 ° 2 2 1 a 
x 0 X U7USE, 
48 AXIS 128008 * 12966 © * 0/00 


Ex HE. Find the area of a circle whose circaumference is 10.75. 
Ans, 9.196463750. 


ne 


pe" 
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2. Determine, in acres, the area of a piece of ground whose 
circumference measures one mile (say 80 ehains of Gunter=66 x 80= 
1280 english feet} ? Ans. 50.9312. 


PROBLEME X. 


To find the area of a cireular ring or the space com. 
prised between two concentric circles. 


(82) RULE 1. J'ind (1144 G.) by the last problem the areas 
of the two circles : their difference will be the area of the ring. 


RULE Ki. Multiply (BTL G.) the sum of the diameters by their 
difference : this product multiplied by .7854 will be the required area. 


RULE HILL. Multiply the half-sum of the circumferences of the 
hco circles by the half-difference of their diameters, that is by the breadth 
of the ring, and the product will be the required areu. 


For each unit of the diameter corresponds 
to 3.1416 units of the circumference ; then if a 
C=aA = naunit orany part of the diameter 
À B or C D, the excess of the circumference « b 
over the cire. € D will be equal to the excess of 
AB on «a b ; whence « his an arithmetic mean 
(1263 G.) between cire. À and cire. C. Now, 
(428 G.) AE:ac:CF:: cire. A. circ.:a b: cire. C D ; therefore 
acisan arithmetic mean between AE, C F ; andsince the arc À E, in- 
definitely small, may be considered (480 G.) as being sensibly a 
straight line, the part À E F C of the circular ring may be considered 
as à trapezium ; but, area trapezium À E FC = (847 G)ac x 
À C ; then also, area ring À C = cire. «ab x AC. 





Ex. L. How many square inches in the area of a circular ring 
whose exterior diameter is 30 inches and the hreadth 24 inches ? 


Ans. 215.985. 
2. The diameters of two concentric circles are 15 and 10 : what is 
the area of the ring formed by these cireles ? Ans. 98.175. 


CREER 


1. Such would be an alley around a cireular gnrden, the horizontal section 
of a hollowed column, the ground plan of the wull of n towar, n sectiou perpen- 
dienlar to the axis of a pipe or tube, &c., &c. See the parallel bases of the hoilow 
eyliuder of the Tableau. 
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8. Required the area of the ring whose contaiuiug oircles 
bave for diameters 9 aud 5 ? Ans. 43.9824. 


4. The two diameters of a circular ring are 21.25, and 9.75; 


- what is its superficial content ? Ans. 279.9951. 


5. Determine the area of the spaco comprised between two 
concentric circles whose diameters are 15 and 16? Ans. 24.3474. 





(88) If the circles AB, a b, had not the same 
centre, as is the case for an eccentric wheel, it 
is clear that the area of the aunular space compri- À ©) 
sed between the circles would in the same waybe ob- ô 
tained by finding (Rule 1) the difference of area of 
each of them. ! 


PROBLEME XI. 
To find the length of an arc of a circle. 


(34.) RULE 1. Multiply the number of degrees in the proposed 
arc by .0087266 and this product by the diameter of the circle. 


RÉEM. FH. Since the circumference is 3.1416 when the diameter 
ie 1, it follows that 3.1416--360 —0.0087266 = length * of the arc of one 
degree, to a diamcter equal to uuity. ‘This quotient multiplied 
by the number of degrees in an arc, will be the length of this arc in 
the circle whose diameter= 1 ; and this product maltiplied by any 
diameter will give the length of the arc in a cirele of that diameter. 





1. Buse or central section of the eccentric ring of the Tubleau : projection 
ou a plane of the opposite buses of « frastum of an oblique cone. 


__ 2. See among the models ofthe Tableau the limiting arcs of the segments aud 
sectors of a circle, bases of the ungulx of a cylinder, cones and frnsta of right cones, lu- 
terul sides, of spherical pyramids and of sections of hollowed apheres, &c. 


3. {thus already been‘ohserved und besides it is cleur that the exactness of a re- 
suit ia limited by that of the elements concerned ; it ir then hardly necessary to 
remark that according to the degree of precision wanted, it muy become necessary to 
use n larger or smaller number of the detimals of the unit of such element ; thus it is 
clear that the solution of he problem in question here may reqnire to replace the 
eutio = 31416 generally used, by the more exact ratio T = 3.14159 or by the ratio 
still more approximative 7 == 3.141552, 7=3.1415 926, 7 — 3,14159965, &c., with nue 
additional decimal of the ter or luctor 7 for euch ndditiouul deciruni of the uuit of 
the result. . 








a 
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REM. 2. Since a minute is the 60th part of à degres, anû « 
second the 60th of a minute or the (60 x 60) 3600th of a degrees; if 
the arc proposed contains minutes, they will be reduced, by dividing 
them by 60, to the decimal of a degree, and if the are also contain se- 
eonds, the minutes will first be reduced to seconds and the whole 
afterwards divided by 3600 which will change as before into decimals 
of a degree the fractional part of the arc. 


Ex. 1. The diameter heing 18 feet, what is the length of the 


src of 30° ? Ans. 4.712364. 
2. Find the length of an arc of 12°.10’ or 124°, with a diameter 
of 20 ? Ans. 2.123472. - 
8. In a circle whose diameter is 68, what is the length of the are 
of 10°.15 or 10.25° ? Ans. 6.082396. 
&. Required the length of an arc of 57°17’ 44” ; the radius of the 
eircle being 25 feet ? Ans. 25 feet. 


For 57° 17’ 44’ is the 3.1415926th part of 180°, that is the length 
of the radius in terms of the circumference. 


5. Determine in a circle whose radius is 20, the length of an 
arc of 50° 30’ 3” ? Ans. 15.885. 


REM. 3. If the number of degrees in the required arc were not 
known, it would be easily found by the method of par. (785 &.) 
where the chord and height of thæarc are given to find the remain- 
der. 

(85) RULE £f. Determine (7835 G.) the length of the whole 
cireumference of which the given arc forms a part and establish then the 
following proportion, viz : 360° : the length of the circumference :: the 
næmber of degrees in the arc : the length of the arc. 

Ex. 1. Under a radius 14, what is the length of the arc of 60° ? 


Ans. 14.6607720 
2. The chord AB of an arc ACB is 30 


feet, and the height or versed-sine EC is 8 
feet ; find the length of the arc ? A. » 
Ans. 354 feet, nearly. 

8. What is the length of the are whose 

“hord is 484 and height 181 ? 
Ans. 64.767 nearly. D 

&. If the chord of an arc measures 

20.386 perches, and its versed-sine 4 perches ; what is the length of 


the arc ? Ans. 22.402 perches nearly. 
5. Required the length of an arc of circle whose chord is 40 and 
the height 15 ? Ans. 53.33 nearly. 


4 
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(86) HULE AXX. Jt is also shown that : the length of an arc is 
very nearly obtained, by aubtraoting from eight times the chord of haïf the 
are, the chord of the whole arc, andthen taking one third of the dif- 
forence. 

ÆEx. L. The chord of an are is 36.75 and the chord of half the 
aro 23.2 ; what is the length of the arc ? Ans. 49.616 nearly. 


. Ex. #. What is the length of an arc whose chord is 50.8 and 
the chord of balf the arc 30.6 ? Ans. 64.66 nearly. 


‘REM. When the chord and the height only of the whole arc are 
known, the chord of half the arc, if need be, is obtained equal 
{805 6.) to the square root of the sum of the squares of the ver- 
sod-sine end half-chord. 


PROBLEME XII. 
To find the arc of a sector ofa cirole. 1 


(ST). RULE I. Multiply (480 2° G.) the arc of the sector (that 
ie the length of the arc) by half the radius. 

RULE II. Find the area of the whole cirole, and then make 
he proportion : 360 degrees : degrees in the arc of the sector :: the 
orea of the whole oirole : the area of the sector. 

x. L. Required the area ef a sector, whose arc is 18 degrees 
“né diameter of the circle 3 feet ? Ans. 0.35343. 

2. What is the area of a sector of which the arc is 20 and the ra- 
dius 10? Ans. 100. 

8. The arc of a sector is 147929’ and its radius 25, what is the 
auperficial content ? Ans. 804.3986. 

& Determine the ares of a sector, when the chord ofthe are 
«98 and the chord of half the aro=16 ? Ans. 275.3. 

8. The radius of the circle being 10, what is the area of the 
sector of which the cord of the arc is 20 ? Ans. 157.08. 

6. The chord of the arc is 16 and its height 6 ; what is the area 
ef the sector ? Ans. 88.873. 

7. To find the content of a sector of which the height of the are 
æ € and the rédtus=8 ? Ans. 66.858 nearly. 


1. Sec among the models ef the Thblyan, the lateral faces of the tri-acutengniar, 
&rkrectsngaisr and 45i-ebtusmngnlar, spherical pyramids. 
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PROBLEM. XIE. 


To find the area of a secbor of a ciroular ring or the space 


comprised between two ares of concentric oirciles. 


(88). RULE 1. Muitiyiy (dem. of 33, R.HIE. T.) Tho haïr- 
sum of the interior and exterior arcs of the:sector by its breadth ; that 
is by the breadih of the ring of which the sector forms a part, or, wMch 
fe the same thing, by the difference of the radii of.the eoncentrie ares 
which contain it. 


RULE ZI. Find by the last problem the area 
of the two concentric sectors : their difference will 
be the required area. 





Ex. 1. The arc AEB or CFD of a sector AB of a cireular ring je 
30° the breadth A C of the ring 24 and the radius AO of the exterior 
arc 15 inches ? Ans. The area=17.99875, say 18 sq. in. 


3. The two radii of a sector of a circalar ring are 10.625 and 
4.875 and the angle at the centre O or A O Bthatistheat AE Bis 
270° ; required the area of the sector? Ans. 209.996, say 210. 


8. The arcs which comprise à section of a circular ring are 11 
feet 9 inches and 10 feet 3 inches, and the breadth of the ring 13 
inches ; what is its area Ÿ Ans. 11}} sq. feet. 


4. Determine the area of the space comprised between two 
half circles having a common centre, and whose diameters measure 
20 and 30 ? Ans. 39.270 x 5 = 196.35. 


(39.) REMY. If the component sectors 
ABO, CD° had not the same centre ; the 
area of the space CFDO would first be 
found by adding to the sector CFDo, or 
taking from it, as the case may be, the 
sum of the triangles COo, DOo, and then 
taking the difference between AERBO 
and CFDO ; which is plain. 








1. See ou the Tableau the coucentrie ring, base of the holliw ed cyliuñar, Sep 
nleo the lateral faces of the sectious of ile hollaoweii sphere, 
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PROBLEM XIV. 
To find the area of a segment of circle. 


10) RULE LI. 1° Find (483 &.) by problem XII the area 
: sector of the same are. 2° Find afterwards the area of the 
le formed by the chord of the segment and the radä of 
otor. 3% The eum of these areas will be (484 G.) that 
segment, if the segment be greater than a semi-circle, and if the 
1 ie less than half a circle, its area will be equal tu the difference 
le areas. 





x. L Find the ren of the segment AEB x 
chord A B is 12 and the radius AC=10. 
10 ar. comp. log. 9.000000 À, 
:4AB 6 0.778151 
-D 90° 10.000000 
ACD 36° 52—36.87° 9.778151 





x 2 : 
—=73.74° = the degrees in the arc AEB. 

hen 73.74 x (34 REM. 1 T.) 0.0087266 x 20 = 12.87 = length 
F) ofthe arc AEB and AEB x }AC—192.87 x 5=64.35=area of 
ctor AEBC. 
ow CD=YAC:—AD,=#Y100 V64=8 et 6 x B—48 area 
triangle ACB. Thence, sect. AEBC—ABC=64.35—48—16.35 
AEB. 

Required the area of the segmeut whose height is 18 and 
ter of the cirele 50 ? Ans. 6%. 3138. 
The chord of a segment=16, the diameter =20 ; what is its 
ot Ans. 44.764. 

The arc of a segment contaius 90° witl a radius=9 ; what is 
af Ans. 231174. 
Determine the area of a segmeut of which the chord of the arc 
ad the chord of half the arc=13? See (586 or 589 @.) 
Ans. 82.533322. 

D RULE EI. 1° Divide the height or versed-sine by the 
and find the quotient in the tuble of versed-sines at 
of this volume. 2° Multiply then the number at the right of 
rine by the square of the diameter, «nd the result will be the re. 
area. 





among the models of the Tubleuu te buses aud parallel sectious vf cer 
ile of cylinders, cones, spindles, &ce- 
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(48.) The table in question contains the areas ofthe segments 
of a circle whose diameter is 1 and which is supposed to be divided 
into 1000 equal parts. There will be found the area of a segment 
whose height is the one thousandth of the diameter, that of a 
segment whose height is? thousandths of the diameter, that of 
a segment whose height or versed-sine is ;55y of the diameter and 
so on up to the segment whose height is £99 of the diameter, that is 
up to the entire half-circle. 

(43.) It is plain that this rule is similar to rule II of problem 
VIT and that it does not require a special demonstration, for it 
is sufficient to remember, to show its exactness, tliat in two differ- 
ent circles similar segments are (211 G.) those that correspond to 
equal angles at the centre and whose chords (double sines (1216 G.) 
of the halves of those ungles) and the versed-sines have consequently 
to each other the ratio of the diameters of those circles and that 
(557 G.) such similar figures are to each other as the squares of 
these diameters. 

(44.) It is hardly uecessary to add that if we had to do with a 
segment greater thau à semi-cirele it would suflice to operate on 
the other segment, and then subtract it from the whole circle, and 
if the quotient of the given versed-sine by the diameter is not found 
in the table, it will be easy to determine by a simple proportion the 
difference of arex corresponding to the fractional part of such sine. 

Ex. 1. The versed-sine of a segment of à circle being 10 and the 
diameter 50 : find the area of the seyment ? 

Ans. 10-+-50—19—1--.2 — versed-sine of the table : the aren 
which corresponds to this versed-sine is .111823 which multiplied by 
2500 the square of the diameter gives for the area of the proposed 
segment 279.5575. 

2. Required the urea of the segment whose height is 6 and dia- 
meter of the circle 21 ? 

Ans. 6-21 =.$, = .2855 = versed-sine of the table to 
which corresponds aren._........._..................... .184521 
The area which corresponds tu the next greater versed-sine is .185425 


The difference between these areas is. ..................... .000904 
This difference x £ that is x 5 et+7 gives for area cor. to & .000646 
To which I add the area which cor. to 285... 184521 


To obtain the whole areu of the segment 2353 of the table... .185167 
Now, multiplying by the square of the diam. 21 x 21=..__.. 44] 


We obtain for aren of the proposed segment............., 81.658647 
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8 Find the area of a segment whose height is 2? and diame- 
ter 57 Ans. 26.86. 


4. The versed-sine is 5 and the dinmeter 25 ; what is the aren 
of the segment ? Ans. 69.889375. 


B. The height of a segment is 9 inches and the diameter 3} feet ; 
find the area ? ° Ans. 205.4118 square inches. 


PROBLEM XV. 
To find the area of a zone of a circle, or the space com- 
prised between any two parallel chords and 


their intercepted arcs. : 


(45). RULE KE. First find by the method of par. (574 G) 
c., the diameter or radius of the circle and the other elements of the 
calculation lo be made. Determine then (4385 G.) separately by the 
problems already given the areas of the component sectorsand triangles, 
and take their sum, if the cone be central ; or if the zone be either central 
or lateral, determine by the last problem the areas of the two segments 
having for chords the chords of the zone ; the difference between these 
segments, or between the whole circle and the sum of these segments, will 
be the required area. 


Ex. 1. The two parallelichords of a 
zone are 12 and 20 and their perpendi- 
cular distance is 13; what isJthe area ? 

Ans. .252.87859. 

2. Find the area of a zone of a 
circle whose parallel chords measure 12 
and 16 and the distance between them 2? 

Ans. 28.379. 

3. Determine the superficial con- 
tent of a zone whose sides are 96 and 60 
and the breadth 26? Ans. 2136.82. 





1. See Aamoug the models of the Tableau the bases aud parallel sections of certain 
.vugnlæ of à cylinder, cone, sphere, &c. 
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4. If two parallel chords of a circular zone are 20 and 15 and 
their perpendicular distance 17.5 ; What is the area ? 

Ans 9395.4369. 

%. Required the area of a zone each of whose parallel chords 
is 40 and the breadth 36 ? 

6. One of the parallel chords of a zone of ‘a oirole is 930 and 
passes through the centre of the circle, the other is 16 ; required the 
area Ÿ? 

REM. The given segment may also be considered as com- 
posed of the trapezium ABFD and of the two equal segments AD, 
BF and its area determined in this manner. 


PROBLEM XVI. 


To find the area of a lune, or the space comprised 
between the arcs of two eccentric circles 
which intersect each other. ‘ 


(46) RBULE. Find (486 G.) by the problem before the last, the 
areas of the two segments which form the lune : their difference will be 
the required area. 

L 
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Ex. 1 The chord AB of a lune AEBLA is 20 and heights of the 
eomposing segments AEB, ALB, are 5 and 8 ; what is the area ofthe 
lune ? Ans. 49.392701. 

2. The chord=—?20 and the heights of the segments 10 and 2; 
what is the area of the lune ? Ans. 130.204. 

3. Determine the area of a lune whose length of the chord is 48, 
and the heights of the segments 18 and 7 ? Ans. 408.608. 

&. The base AB of a luné is 10 and the radii AC, AD of the two 
containing arcs AEB, ALB, are 7 and 6 ; find the area. 


5. The chord of a lune being 10 and the nelghte of the sogments 
15 and 13 ; what is the area ? 





1. See among the models of the Tableau the opposite bases and the parallel see- 
tion of the augala of the hollowred oplinder. 
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PROBLEM XVII. 
To find : the circumference of an ellipsis. 


(47) This figure shown by any section FI,AD (997 G.) or FE, 
RN (1099 @.) of a cylinder, or be (1055 G.), ac, (1056 G.) ofa cone 
by a plane which being inclined to the axis of those solids meets 
their two aides, is often met with by the measurer ? It is found in 
the circus, amphitheatre, garden plot, &c., and on a smaller scale in 
the oval ofa window &c., butit is especially the semi-ellipsis which 
is met with, in the sections of vaults of all kinds, in the arched head of 
a door or window, or of an arched opening between two apart- 
ments, &c. 


(48) One might perhaps think at first that the circumference of 
the ellipsis should be an arithmetical mean betweenthe circumferences 
of two circles having for their respective diameters the greater 
and less diameters of the ellipsis, or which is the same thing that this 
circumference should be equal to that of a circle whose radius weye 
equal to the half-sum of the great and small radii of the ellipais, 
that is whose radius would be of an arithmetical mean between the 
balf-diameters of the ellipsis ; and it is very nearly so for ellipses 
whose diameters differ from each other but from 25 to 20 per cent, 
but to be convinced that it is not always so, it is sufficient to resort 
to an extreme case, (as we have already done at par. (928 G). For 
instance, let us suppose that whilst the small axis of the ellipsis is 1, 
the great axis be 1,000,000 ; it is evident that the circumference of 
such an ellipsis will be sensibly equal to the double of its great 
diameter, that is 2,000,000 while the half-sum 500000 + .5 or 500000 
(for the 1.5 may be neglected) of the axes x 3.1416—1,570809 ; and if 
thesmall diameter were infinitely small with regard to the greater axis 
supposed to be equal to 2, the exact circumference would be 4 (double 
the great axis) while the arithmetical mean cirenmference would be 





1. Although it is not possible with the principles hitherto mentioned to give na 
demonstration of this rule and the four following, we have however thought proper 
to insert them here in order to complete the rules necesnary to the meaanrement of 
plane sarfaces, or of those (HLAO G.) which having simple cnrvature may be 
developed into plane surfnces. 

2. See among the models ofthe Tableau, the bases and sections of the obliqne 


eylinders, oones and conoïds. &c., and frusta of auch bodies. These ellipses are of 
various degrees of eecentricity dr have their diameters in variel ratios. 


A EE EE — 


2 2 
AB+CD … 
_ ANS. (5) 4(39 G.)=Vi84.5= 13. 
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314159, &c., the error being in that case 4—3.1416=8584 or nearly 
ons fourth. But if the circumference of an ellipsis cannot be cor- 
rectly obtained in this manner, it is demoustrable that it can be 
arrived at by the following method : 


(49) RULE FE. Multiply the square root of the kalf-sum of the 
squares of the two. diameters of the ellipsis by 3.1416, and the product 
will be the required circumference. 

Ex. I. The greater diameter AB of an 
ellipsis is 15 aud the smaller diameter 12 ; 
what is the cireumference : 





583 and 3.416 x 13.583—42.6723528. 
æ. The greater and smaller axes being respectively 25 and 20 ; 


determine the periphery of the ellipsis ? Ans. 69.979. 
8. ‘l'he semi-diameter of an ellipsis are 124 and 74 ; what is the 
perimeter ? : Ans. 64.7667. 


SO. It is plain that the semi-ellipsis CBD is equal in perimeter and 
area to the semi-ellipsis ACB, and that each of them has for mea- 
sure the semi-circumference and the half-area of the whole ellipsis. 
This rule and the following which show how to find the circum- 
ference and area of the whole ellipais give then also the means of 
arriving at the perimeter ACB or CBD or area of the semi-ellipeis of the 
same name. 


It is moreaver evident that any other diameter E H divides the 
ellipsis into two purts of the same area and perimeter. 


(51). There is an important property of the ellipsis which permits 
one to trace it with facility or to discover whether a curvilineal figure 
resembling an ellipsis is really one or not ; it is thatthe sum FC. + F'C, 
FG + F’G, of the radii drawn from two points, F’F’ on the greater 
diameter and which are called foci or centres of the ellipsis, to any 
third poiut C or G, &c., on its circumference, is constant and equal 
to the greater diameter AB ; then it is clear that this very property 
permits us to establish the foci. Indeed, the two diameters of any 
ellipsis being given, from the point C or D end of the smaller axis, ns 
centre and with radius CF=CF’=OA or OB=1+AB, AB will be 
intersected in the required foci F and F’, from the points F and 
F’ as centres, with radii FG, F’G of which the sum = AB, that is, with 
any radius FG less than FB aud another radjus re equal to the 
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difference between the first radins FG aud the diameter AB, ares may 
be traced the interreetion of which in G will give a point, and by 
repeating the operation a series of points through which may be 
drawn a curve which will be the required ellipse. 


(32) Or, there maÿ be fixed at F and F’ needles to which wiil 
be fastened the ends of a trrend of à length such as to give FC + F°C 
or FG + F’G = AB ; it will then be sufficient to hold the thread tight 
by means of à pencil or poiut which can be muved round the two 
fuei io complete the outline of the ellipsis. 


(88) To perform the same operation on a large scale ; after having 
taken FG or KG at pleusure, less than AF'or BF" but greater than AF 
or BF”, kuowiug the other radius= AB—FG or AB —F'G,usthe casa 
may be, and FF’ being also known = 20F=2/GF2 — C0: = 2 
YOA2—0C3 one will have but to compute either FF’G or F’FG ofthe 
two angles at the base of the triangle GFF’ and draw either of the tw: 
radii of the required length and with the required angle to give 
point G of the proposed circumference ; this operation repeated wii. 
give a series of points through which may be traced a line which 
will be the required cireumference. Let us also observe that the 
measuring of the radius GF or GF° may be avoided, by computing 
each of the augles at F and F’and afterwards making an intersec- 
tion G of the directrices FG, F’G. 

(54) Let ns add that a geometrical or graphic construction on a 
small scale would have the advantage of giving in a more expedi- 
tious manner and often aceurate enough all the angles GFF°, GF'F, 
&c. uectssury to determine the intersections or points G of the 
required perhueter. 

(55) The ellipsis is also traced as follows : Let ac= AO or BO the 
semi-greater axis, ab=CO or DO half-smaller axis. In moving the 
right line ac so as to keep the point e on tbe diuneter DC and the 
point b on the diameter AB, the point c will describe the required 
ellipsis. Ju practice the right line ac is any rod with projecting 
points at a, band ce, and along the diameters à B, C D are disposed 
rods, grooves or slides to guide the points b and c. 

(56) RULE Œ1. Then the diameters are not very unequal, the 
cireumference of the eltipsis is pretty correctly obiained by multiplying 
the half-sum of these diameters by 3.1416. 

L'hus the three last examples computed in this manner will res- 
pectively give for answers 42.41 instend 0f 42.67, 69.11 instead of 
69.40 nud 62.83 instead of 64.76; so that when the difference be- 
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twecn the diuueters does notexceed Lortorwhen the ratios between 
the diameters are 5 : 6 or 4: 5, the error in the result does not ex- 
ceed 755 01 ro5 And when the difference between the diameters is $ or 
when these dinimeters ure to each other as 15:25 the error be- 
comes nearly 34 ofthe whole result. When the dinmeters ure to 
each other ans 1:2, the circumferences obtained by the two 
rules are to each other as 47.12 : 49.66, the error being in that case 
z3 newly. The diameters being as 1:3 the cireumferences are 
nearly :: 63 : 70, the error being in that case .! neirly. When the 
diameters are :: 1 : 5, the circumferences are :: 94 : 113 and the error 
+ nearly. Finally if the diameters to each other :: 1:10 the pe- 
rimeters would be :: 173 : 223, and the error 5 or + nearly. Which 
will enable one to choose either of the rules according to the degree 
of accuracy required in the result. 

REM. Besides it is plain that we might also, after having found 
the circumference, according to this second rule, correct it by the ad- 
ditivu of the error'or deticiency proportioned to the ratio between 
the diameters, and as established above. 


PROBLEM XVII. 


To determine the area of an ellipsis. 


(57) RULE. Multiply the product of the two diameters by .7854 ; 
the result iwill be the required area. 
Ex. 1. What is the area of an ellipsis whose diameters are 24 
and 28 ? Ans. 24 x 28—=432— AB x CD, and 432 x .7854— 
339.2928— area ABCD. 


2. If the axes of an ellipsis are 35 and 25, what is its area ? 
Ans. 687.225. 


8. Required the area of an oval whose length is 70 and breadth 
50 1 Ans. ?2718.9. 


4. The greater axis of anellipais measures 840 links, the smaller 


axis 612 links ; required the number of acres within this enclosure ? 
Ans. 4 acres 6 perches. 


(58) REM. Since the rule gives for area of the ellipsis the ex- 


a 
pression AB.CD x .7854 or which is(87G) the same thin s( A BCD) 





1. The component faces of several of the models of the Tableau presont ellipses 
of various degrees of eccentricity, or whose diameters to each other in various 


ratios. 


tin 
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x .7854, it evidently follows that the ellipsis is equal in area to a circle 
whose diameter would be a mean proportional between the two diame- 
meters of the ellipsis. Let d this mean diameter, we have AB : d'::d: 
CD and since (104 G) AB : d::d:CD'itis plain also that the area 
of the ellipsis is a mean proportional between those of the inscribed and 
circumscribed circles, that is, between those of two circles having for res- 
pective diameters the two diameters of the ellipsis. 


(39) REM. The two rules which show how to determine the cir- 
cumference and area of an ellipsis may be with advantage substituted 
to the less precise aud longer method of par. (487 G.) in the com- 
putation of the perimeters and areas of the curvilineal, that is 
(47 T.) elliptical bases of the oblique cylinder and of the frustum 
of ax cylinder (997 and 1099 G@.) as well those of the oblique cone 
and frustum of a cone (1055, 1065, 1067, 1140, &c. G.) 


PROBLEM XIX. 


To find the area of an elliptic ring. 


(60) RULE 1. Determine separately the areas of the two concen- 
tric ellipses, and take their difference which will be the required area. 


RULE HE. Mulliply the half-sum of the parallel cireumferences of 
the tro limiting ellipses by the breadth of the ring. 


Ex. 1. What is the area of an elliptic 
ring whose interior diameters are 10 and 20 
and the exterior diameters 12 and 22 ? 


Ans. 10 x 20 x .7854 = 157.08,12 x 22 x 
.7854=207.3156 ; the difference 50.2656 of these 
two results is the required area of the ring. 





2. The exterior circumference of an ellipsis is 100, the interior 
cireumference 90, the breadth of the intermediate space being 3.5 ; 
required the area of the riug ? Ans. 332.5. 


3. Determine the area of an elliptic half-ring, whose parallel 
erimeters measure 93 and 77 inches and breadth 10 inches ? 


Ans. 850 square inches or 5.9028 aq. feet. 


4. Compute the area ofany part Aa cC ofan elliptic ring, whose 
exterior arc AC is 15, parallel arc a c 12, aud breadth 3 ? Ans. 40.5. 
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REM. It is hardly necessary to remark that if the breadth of 
the aunälar space were notevery where equal, or even if the interior 
ellipsis had any other position relatively to its exterior envelope, or 
any ratio whatever between its diameters, the required area would 
pone the less be obtained by the first of the two rules of this problem. 


PROBLEME XX. 


To find the area of a segment of an ellipsis whose base 
is parallel to either of the axes of the ellipsis. ! 


(6) Divide the height of the segment by that of the tivo diameters 
of which this height forms «a part, and find in the table annerxed to this 
treatise the segment of a circle whose versed-sine is equal to the quotient. 
Next find ihe continued product of the segment thus found and of the 
two axes of the ellipsis ; this product will be the required area. 


Ex. 1 Compute the area of the el- 


A 
liptic segment AGH whose height AK = = C 
10, and the two axes AB, CD, 34 aud 25 ? CS 

Ans. 162.02 4 0 BC 0 j 


2. What is the area of the segment of an ellipsis, whose base GH 
is at 36 from the centre O, the axes beiug 120 and 407? Ans. 536.75. 


8. Determine the aren of an elliptic segment whose height CL 
is 8 inches ; the two axes being 4 and 3 feet ? Ans. 


(62) REM. If the segments of ellipses ACD, acd, ace, of the 
figure of par. (1140 G.) answer to the definition af the enun- 
ciation of this prob. we may, if need be, apply the rule here given 
to express their arens. The area of the elliptic segment which 
forms the upper surface of the ungula fig. 2 of par. (11148 G.) 
coald be computed in the same way if required. Aud if the segment 
to be computed were the gone or part AEFB, CGHD, the required 
area would be equal to the difference between the semi-ellipses ACB, 
CAD and their respective segments ECF, GAH. 


L Several of the ungulas of a cylinder, cone and spheroid of the Tubleau present 
in their sections segments of ellipses, some greater, others smaller than the semi- 
ellipsis, others, semi-ellipses, and others zones of ellipses. 
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PROBLEM XXI. 


To find the area of a parabola. ? 


(6). This figure is that of the section of a cone by a 
plane paralle! to its inclined side. (ADC, fig. of par. (1140 G.) 
gives an idea ofit). It has this peculiarity thât any point E, H, &c., of 
the curve is equidistunt from a poiut F called the focus and from a 
straight line MN perpeudicular to the axis CD) called the directrix 
and whose distance SC from the apex C of the parabola is equal to 
the distance FC from the focus to the apex ; 80 that one has always 
EF=EM, HF=HN, &c. Now it is proved that the position F of the 
foeus is found by bisecting BD in T, joining CT aud drawing TR 
perpendicular to CT to obtain DR=CF=CS. The focus F found and 
the position of the directrix MN determined, the curve is traced 
by drawiug a series of indefiuite straight lines GH (called ordinates) 
parallel to AB or perpendicular to the axis CD ; then, from the focus 
F' as à centre and with a radius US equal to the distance between 
the parallels GH, MN intersect GH in G and H, wich determines 
two points in the perimetér of the parabola. This operation sufñ- 
ciently repeated will give a series of points, through which may be 
traced a curve which will be the figure required. 

(64). The purabola is also traced with à square abc, whose branch 
bc is equal to the distance between the directrix MN & the base KL of 
the proposed parabola. Atthe extremity c of the squareand tothe focus 
F, tie a thread c GF equal in length to cb. The branch ab of the square 
is then made to slide along the directrix MN holding at the same time 
the thread tight aloug the branch bc, by means of à point or peucil 
whose motion describes the required parabola. 

(65). RULE. Multiply the base by the height and take two thirds 
of the product for the required area. 


Ex. 1. Findthe area of the parabola 
ACB whose buse AB is 20 and height 
CD 187 Ans, 210. 

2. The base of à parabola is 13.5, and 
the height 11.25; what is the area ? 

Ans. 101.25. 

#8. CD=10,AD=—B8; what is its area ? 

Ans, 106$ 





This figure, like all the other figures, treated of inthe ‘“ mensuration of areas,” is 
to be found amongst the component faces or sides of the models of the Tableau, Sco 
tbe conical and conoidal ungulas of the Tableau. 
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(68). REME, It follows from the definition of the parabola that 
any part GCH, ECV of the parabola ACB terminated by à base GH, 
EV, parallel to AB, is still a parabola, and not a mere segment, a8 
in the cense of the ellipsis ; for the cone may be considered cut 
by a plane parallel to its base and this as well on the one as on the 
other aide of that base at KL withont ceasing to be 4 cone and con- 
sequently, without the definition of the section KCL or ECV, &e, 
beiug iu any way thereby altered. 

Whence it results that to arrive at the area of a zone, or seg- 
ment AEVB of a parabola by any line EV parallel to its base, one 
will bave but to take the difference between the entire and partial 
Parabolas ACB, ECV. 


(67). There is still the hyperbola ! (section of a cone by a 





1. The hyperbola ACB is shown by sections of certiin ungulas of cones and 
conuids which will be fuund among the modes of the T'ubleau. 


This ourve is, but in a contrary sense, ana- 
logous to the ellipsis. Thus, whiixt in tbe 
ellipsis (51 T.), it is the sum of the radii drawn 
from the two foci which is constant or inva- ? 
riable : in the hyperbola, on the contrary, it is 
the difference of these same radii which remains 
constant ; which c..uses the two hulves, parts 
or branches of the ourve {conjugated hyperbo- 
las as they are called) to present to one another, A, 
not their concave sides as in the ellipsis, but 
their convex ends, apices or siles. To trace this ourve without any condition of 
dimensions, that is, without any oondition as to the dimensions of the cone or the 
position of the plane of section : having taken at will any two points, F, F, at any dis- 
tance frum each other, from one of these points or foci with any tadius, describe an 
arc on each side of the axis (that is of the line which connects the foci,) and describe, 
from the other focus as a centre and with a 1adius greater then the first by a given 
difference, two uther arcs which at the point of their intersection with the two first 
ares will determine 2 points of tbe required curve. This operation repeated with two 
new radii, taking care however that the second radius be always grenter than the first 
by the given difference (which, as has been seen, must remain constant) will give two 
cther points in the curve to be described ; and other points in the curve may also be 
determined till their sequel and direction render piain the course of the byperbola. If 
now, tbe radii be transposed, it is plain that we will have a new series of points, that 
of the conjugated hyperbola. The point O whish is half wuy between the two foci is 
called the centre of the hyperbola as of the ellipsis. 





The hyperbola may also as the parabola and ellipeis, be tracod by à mechanical 
operation. Taking a ruler fastened at one end to one of the foci of the curve to be des- 
cribed, and so that the ruler may be movenable round the said foens, the other 
end of the ruler will be fastened to the second focus by a string or line which 
must be shorter than the ruler, by the required difference between the radii ; then a 
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plane which meets its base at an angle greater than that made by 
the side of the cone with that base) the cyclefd (which is des- 
cribed by a point placed on the circumference of a circle maintuined 
in the same plune, during an entire revolution of tbe said circle 
along a straight line called the base of the curve, which is very 
much like a semi-ellipsis, fig. of paragraph (68) and several other 
curvilineal figures, whose areas and perimeters one may have 
to compute, aud for which there ure special rules which allow of 
establishing with all the required precision their relative or absolute 
arens and circumferences ; but it is to be r'emarked here as has already 
been done (4134 G.\that generally it will be necessary to enquire 
first as tothe nature of the proposed figure ; and the mere labour 
entailed by this preliminary operation will often be suflcient to 
cause one to decide on resorting immediately to the method of the 
following problem. 

(68). À practized eye will often find it difficult to nnderstand 
the nature of the figure to be computed, and may sometimes make 
pretty grave misatakes thereby. 


There is for instancè the curve C 
AECFB, called ‘ flat arch” (anse-de-pa- AT | A 
nier) and others of the same kind often 
met with in tho arched heads of open- À 0 B 
ings, aud which ane may be sometimes 
disposed to consider as an ellipais, 80 nas to compute its superficial 
content, by the rule applicable to that figure ; now, it is seen that in 


this case the difference AECe+BFC/ (or 2? AECe) between the two 
figures, muy be tvo great to allow it to be neglected. 


PROBLEM XXII. 


To determine the area of any curvilineal figure. 


(69) RULE. Divide the whole figure, if it beirregular, (that ts, if 
the corresponding parts are not symmetrical) the half or fourth part, 
if regular, into trapeziums of the same breadth or height, and prorced 
then in the manner of problem VI., doubling or quadrupling if need 
be the area thus found to obtain the whole area of the figure. 





pencil or point which will hold the string tight and at the same time ie contaot with 
the ruler, will describe, the ruler going round tbe first focus, the required hyperbola 
and the transposition of the ruler and string will allow of describing at will the other 
branoh of the curve. 
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ce) 

(70) The method ofcomputation by trapeziums, will be the more 

aocurate as there will be in the figure to be computed concavities 

and convexities adb, bec, compensatory of each other such as are 





Among these figures, ais the ovum or oval; (auch is the vertical section 
ofthe ogg. &c..) b isthe ellipair, (anch is the section of Lhe melon, &c..) or any 
other analogons figure, the bulls eye window, the naction of the apheroïd, the 
phithenter, &e. ; c ia the hulf-ellipais. or flut-ureh, eyeloïd, the fut urched hend of nn 
opening, the section of à vanlt, &e. ; d, any irregulur carvilineal figure ; en parubola 
orauy other similur figure, hyperbola, the raised arche hend of nn opening ; the 88c- 
tion of n vault, the vertical section of x convid, dome, &e. he mking arch or 
the section of an inelined vault, gisthe developed conenve or convex surface of nn 
anguln of à right cylinder; 4, the developed lateral eurfuce of nn unguin of 
a righe cone; mthe development of the surface of the ungnix of an oblique 
cylinder or cone. ‘he lanettes or intursections of vuulta, nirends oned nt urticle 
1438 6.) present also nurfucex the development of which offers Lo 1he connidern- 
Sion ofthe measurer the three Lust fhguren which hnve just been defined, !'he develop 
eà lateral eutfnce of the fruntum of a right cylinder presents the fornt and it follows 
from par. (99% G.) and from the dei. of par. (EO99 G.) thur 
ply the halfsum of its lens nd grenter heïghi &, 8. .by the Le 
perpendieular Lo re or ve. this brendeh being evidently equal 10 ue developed cire 
enmference of the section of n cylinder by à plane parpandieulur to its nxin or side, 
of the lateral surface of an oblique eylinder (997) prreunts the 
ighe of which + whieh is dhag of ch dl side of the eylinder, is 
éfornt, the xren of the envelope equentlyraqual to the product 
y the breulth op, the perimeter of # sertion perpendientar to the axis or 
side of the rolid. 

It is neofal 10 state ho chat if the mneutaof che rigie cylinder of which che figure gi 
tho envelope, inntand of being partial na KLNE or ÉLIRE page 409, G. in entire or 
plate an A Dd. pre 388 G, the nren of g will ba obtained by finding che produes of op 
By the halfof rs, for in thin case g will be bn Le euvelope É of the Crustan of n cylindèr 
whone les height vé wvoull be equul to zero, jjuatiog Lo the Interl face of nn 
angnlnor frantnm of n eylinder or cone, te. of Lhe L'ablean, x Hhuetol pnper, 0 trucs oe 
ont fiersnrds ue wi, ue den of the nature of the 
developed surfuces here me: 
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seen in the figures g, h, m, k, since the segment bec which is 
neglected by considering as a trapezium the , 
part BCceb of the area to be computed, will 
be compensated by the segment adb which 
is in excess in the trapezium ABba. 


(71) Bat when the figure is entirely convex 
one Will add to the precision by taking in the 
sum of the segments abd bce, &c., determin- 
ing by mere inspection or otherwise the mean 
breadth whieh will be multiplied by the cor- 
responding perimeter adbec to obtain its area. * 


(72) Let us observe also that instead of considering as null the 
initial height of the figure, at the point A of the springing of the 
curve, which would give for the area of the part ABbdaA of the figure 
the’triangle ABb, one will obtain more accuracy by considering as a 
straight line the almost vertical part Aa of the curve, which will 
then give for a more approximate ares of this component part of 
the figure, the trapezium AabB instead ofthe triangle ABB. 


It is also plain that a continued subdivision Dd, Ee, sufficient to 
allow of considering the parts ad, bd, be, &c., of the convex or con- 
cave circumference of the fig. as being sensibly straight lines will 
also have for result to add considerably to the accuracy of the opera- 
tion. | 

(33) There is also a pretty correct and 
expeditious mode of arriving at the area of 
an irregular figure ABCD : that of reducing 
itto any equivalent rectilineal or regular 
figare by compensatory lines ab, bo, that is, 
such that the sum of the parts cut off by 
these lines be equal in area to the sum of 
the parts comprised in their inclosure, a graphic or mechanical ope- 
ration for the accuracy of which one must often trust to an ocular 
estimation. 

(74) Finally, as to the evalaation of the developed lengths of 
the perimeters of the figures in question here, let us remark again as 
was done at page 596 G, that often the most expeditious manner 
and not the least exact, of arriving at them, will consist in the use of a 
thread or ribbon, or wooden or metallic rods thin enough to allow of 
adjustîng them to the perimeter to be computed, in order to imme- 
diately deduce from them the required dimensions. 








MENSURATION 


or 


BODIES OR SOLIDS. 


(See the models of the Sfereometrioal Tableau). 


(35) The mensaration of solids, comprises that oftheir surfaces 1 
as well as that of their volumes or solidities. 


It has already beeu seen (5,'7.) that the unit of measure for 
plane surfaces is a square the side of which is the unit of length. 


Any curve line is also referred to a unit of length, and its nu- 
merical value is the number of times the line contains this unit. It 
is also to be observed here that the rule already given (page 177, 
2° G.) to find the numerical relation between two straight lines or 
to determine their common measure or the greatest common divi- 
sor, applies equally to any two curved lines of the same radius, since 
that equality of curvature will allow of the superposition and entire 
and perfect coincidence of these lines in the same manner as if they 
were straight. Now if it is supposed that the lineal unit be reduced 
to a straight line and that a square be constructed on this line, this 
square will also be the unit of measure for eurved surfaces. 

(T6) The anit of volame is (1614 Gt.) a cube the component face 
of which is equal to the superficial unit which serves to compute the 
area of the solid, and the side equal to the lineal unit used to express 
its lineal dimensions. 





1. The opposite bases, the lateral faces and the sections of the various models of 
the séreometrical tableau present, among others, all the plane figures already treated 
of inthe ‘“ Mensuration of surfaces,” comprising the square, rectangle, parallellogram, 
triangle, polygon, circle, sector, segment, zone, lune, ellipsis, parabola, hyperbola, &c., &c 
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PROBLEM I. 


To find the area of a right prism * (946 G.) 
(See the stereometrical tableau.) 


7%) RULE. Multiply (992 G.) the perimeter * ABFOA or 
2DEA (fig. of the following page) of the base by the height AE or 
aa the case may be, and the product will be the lateral area. To 
1rea add those of the two bases when the whole area is required. 


Ex. 1 What is the area of a cnbe whose side is 20 ? 


Ans. 2400. 
2. Determine the whole area of a triangu- 
rism, the base of which is an equilateral 
igle having 18 inches side and the height 
ett Ans. 91.949 sq. feet. " 
8. Required the weight of copper ne [| | 
ay to cover the insideofacistern thelength A € 


hich mensures 10 feet, breadth 5 feet and 

ht or depth 4 feet, the copper to be used being 5 pounds to the 
re foot 1 Ans. 850 pounds. 

= The prinn, which comprisen nlno the cnbe and parullelopipedon, presents itaelf 
: day tothe mensnrers consideration. I is seen in the body and wings of build. 
fallkinduns wellasiu the figure of the varionx oarements forming parc of them- 
found again in the salle, pillure aud of all kinds of buillinge and on 
Mg stones or bricks of these bodies. Gabled 
mont oflen present tlie figure ofthe right vrianglur priem aud the gnbles of the 
parnllel baser are ls prisme of the mime nue. ‘The body or 
2e of à gurret-window in generally nothing but n vrinngulur prisun or right half. 
ud the roof of a gurret window, if it be hip'd, is au oblique criangn- 
rien, provided the inclinntion of the hip be equal Lo that of the roof, nud if 
dune of the hip be not purullel 40 chat of the roof, it is chen à frustum of & 
+ the solid and anperficial content of which is to be valued. T re nlso in the 
and tradennthonand andone objects affocting the form of x cube, right, oblique or 
aated parillellopipedon, right. oblique or uruncnted polygonal priam or which may 
xomposai into wolids of chix kind. ‘The enttinys aud embankmeuts of railronds 
sther ronds. often enough prenent to the consideration of the mesurer quadrangular 
8 having for parallel bases trapeziumn. 

?. Ench of the edges or sides (AB,CF, lat Ag. or AF, BG, CII, &c., 2nd fig.) of 
im being of the sue length, it in evidentiy the same thing to multiply sucoes- 
y ench side ar edixe (base of che parallelogeam which goes to waka up 1he Interal 
ice ofthe prism) by the length of the corresponding parallelogram or to add 
rdiug to the rule all these Lreudths so us Lo multiply thew at once by the leugth 
1e side of the prism. 
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4. How many square metres are there in 
the lateral area of a building the length of 
which is 100 metres, breadth 23.3 metres and 
heigbt 17 metres ? Ans. 4192.3 


5. À room measures 40 feet by 25, and its 
height is 15 feet ; how many square yards of 
plastering will be required to cover the four 
walls and ceiling ? Ans. 32797. 

6. What would be the cost to line with 
lead of 7 pounds to the foot and at 4 pence a pound, the inside of a rec- 
tangular vessel the length of which is 3 feet? inches, breadth 2? feet 8 
inches, and beight 24 feet. 

Aus. Area to be covered =37 TE * square foot, =263-Ÿ pour ds 
= £4.79}=817.55.185. ‘ 

7. What is the lateral area of a deal of 10 feet, by 12 inches, and 
8 inches ? Ans. 25 sq. feet. 

8. How many superficinl feet of cut stone in the lateral area of 
an octagonal pillar whose side is 15 inches and height 10 feet ? 

Ann. 100. 

9. How many squares of wainscot to cover the lateral area of a 
bexagonal building whose oblique radius is 20 feet and height 33 feet ? 





Ans. 39.60. 
10. What is the lateral area of a polygonal post 3 feet perimeter 
and 10 feet high ? Ans. 30 square feet. 


11. The perimeter of an iron bar is 3? inches, its length 7 feet ; 


what is its lateral area Ÿ 
Ans. 3.75 x 74=315 square inches. 


PROBLEM Il. 
Find the volume of a right prism. 
(See the tableau.) 


GENERAL FORMULA. 


78. To the sum of the areas of the parallel ends or bases (AF, ED 
or AD, FI) of the solid (see the figures of the last problem and the fol- 
lowing) add four times the area of the section half way between them ; mul. 
tiply the whole by the sixth part of the height (AF or AË) or length of the 
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body (or, which is the same, multiply this sum by the whole height nd 
then take the sicth part of the product) the result will be the required 
volume. 

(79.) REMI. The prism (940 G.) being a body whose size 
Creadth, thickness or diameter) is everywhere the same, itis plain 
that any section of this solid by & plane z x 
abod parallel to the base BD or FH, is 
equal to the base, which therefore in the 
case ofthe prism reduces the rule or general 
formula at the top of the stereometrioal 
tableau to the more simple following ex- 
pression : (see : Introduction, page 8, last 4 
paragraph.) 

RULE. Determine first the area of the 
base ; multiply this area by the height, the 






product will be (1020) the volume of the D © 
priem. 

Ex. L. What is the solid content of a cube whose side is 4 
inches ? Ans, 1384. 


2. How many cubic feet in a block of marble whose length is 3 
feet 2 inches, breadth 2 feet eight inches and height or thichness 24 
feet ? Ans. 21}. 

8. How many gallons of water contained in a cistern having the 
iimensions of the preceding example, the gallon being 28 cubic 
inches ? : Ans. 129}. 

4. What is the volume of a triangalar prism whose haight is 
10 feet, and three sides of its triangular basis 3, 4 and 5 feet ? 

Ans. 60. 

8. Required the number of cubic feet of stone in a pillar 15 feet 
aigh and whose base is a regular hexagon the side of which is 1 foot 
inches ? Ans. 69.282. 

6. Determine the number of toises of masonry (the toise being 
3x 6 x 2=72 french cubic feet) in an octagonal prism of 12 feet high 
and 3 feet side ? Ans. 7 toises 17.47 cubic feet. 

7. The pier separating two splayed windows, and whose base is 
sonsequently a trapezium, measures 13 feet high, 2 feet thick, 9 feet 
proad outside and 7 broad inside ; required the number of bricks that 
1ave been required to build it, at 20 bricks to each cubic foot ? 

Ans. 4.160. 


1 NB. The english imperial gallon is 277.274 english cubic inches, the old beer 
allon=282 cubic inches aud the wine gallon actually used in Causda is 231 english 
ubio inches. 
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8. A stone gable 3 feet thick, measures 40 feet at its base and 
20 feet high ; how many cubic yards of masonry does it contain ? 
Ans. 441i. 


Q. The facade of a building is 33 metres, its height 17 metres 
and the thickness of the wall 73 centimetres ; what is the volume in 
cubic metres ? Ans. 33 * 17 x .73— 409.53. 


10. Required the number of cubic metres in an embankment 
whose length is 100 metres and each of the parallel planes consti- 
tating its ends is à trapezium having for parallel bases 3 metres and 
13 metres for its height 3.3 metres. Ans. 2640. 

1X. À well must be 27 feet deep, and its plane must be a regular 
hexagon whose radius ofthe circumscribed circle be 5 feet ; how many 
cubic yards of rock are to be mined to give it its required dimen- 
sions ? Ans. The side of the hexagon is (648 6.) 5 feet ; 55 x 5= 
25, and 25 x 2.5980762 (area (27 Æ.), of the hexagon whose side 
is 1) —64,9519 square ‘feet — area of the given hexagon, and, 


ES LP = 649519 cubio yards. 
Ex. 12. What is the solidity of a rectangular iron bar 44 x 1 
inches and 14 feet long ? Aus. 756 cubic inches. 


X3. Required the volume of an eight sided post whose height is 
10 feet and breadth of each side 7 inches ? 

Ans. 7x7 x 4.828421=(27"T.) area of the base=236.5929279, 
and:x 120=—28391.15 cubic inches, and--1728(or 12 x 12 x 12)— 16.43 
cubio feet. 


PROBLEM NI. 
To find the area of an oblique prism. 


(See the tableau) 


(80) RBULE. Multiply (996 G.) the K 
length AF, BG, OH &e., of the side by the pe- 
rimeter of a section LMNRSL perpendicular 
to the side. 

Ex. =. What is the area of the face and 
two sides of an inclined beam or rafter with 
parallel bases the length of which is 12 
feet, the breadth of the face 9 inches, and 


that of the sides 134 inches ? 


Ans. 36 square feet. 
2. The lepgth of a cornice under a 
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ht of stairs between parallel walls is 20 feet and the circumference 
>erimeter of a section of the cornice perpendicular to its direc- 
1 is 27 inches ; what is its developed area ? 

Ans. 45 square feet, 


PROBLEM IV. 


- To find the volume of an oblique prism. 


See the tableau. 


REM. The oblique prism, being, as the right prismæ, of inva- 
1e diameter throughout its whole length, every section of this 
ä by a plane parallel to the base would form a surface equal to 
; of the base ; whence it is plain that for the oblique prism, as for 
right prism, the general formula is reduced to the following sim- 
ed expression. 


(8) RULE. Muttiply (K020 G) the area of the bass ABODH 
?GHIK by the height IPperpendicular to this base ; the product 
de the required volume. Or, which is the same thing. 
Multiply (1025 G.) tho side AF, BG, 
, &e., ofthe solid by the area of a section 
lea perpendicular to this side. 
Ex. L. How many cubic feet of oak 
be required for thecarriage of n flight of 
+8 17 feet long and 15 x 4 inches square. 
Aus. 6t 
2. The horizontal base of the breast 
 chimney buiit obliquely, measures 
set by 18 inches, the perpeudicular 
ht being 7 feet 3 inches; how many 
ks does the parallelopipedon contain at 
ricks to the cubic foot 4 


Ans. 76} cubic feet x 18—13704 bricks. 
8. The trinngular side of a garret or dormer window has for its 
zontal length 7 feet, for vertical height 5 feet, the breadth of the 
ner being 4 feet; the roof of the dormer window is hip'd pa- 
21 to the roof ofthe building ; the height of the triangle which 
ititutes its vertical section is 2 feet ; what is the total volume 
Ans. The body or square of the dormer (right triangular 
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prism) (1)= 4(7 x 5 «x 4» = 70 cubic feet, the roof (oblique trinn- 
gular prisam) = 4 (7 x 4 x 2) = 23 cubic feet ; the required volume 
is consequently 98 cubic feet. 


PROBLEM V. 
To determine the area of the frustum of a pris. 
(See the tableau.) 


(82) RULE. Find separately (1059 G@.) the area of each of its 
component faces ; their sum will be lhe area required. 





A 
Ns 
æbegusueue, 


\ 





Ex. What is the number of superficial feet of cut stone in the 
circumference of the top of a ehimney situated obliquely on an in- 
clined roof, that is, the component faces of which are not parallel to 
those of the building ; the plane of the chimney being a rectangle 3 
feet by 4 feet and the respective heights of its four sides or edges 
7, 8, H and 8$ feet ? 

Ans. 107 +8)x 3=® +14(8 + 9h) x 4 = 35 + +} (9k+84) 
x 3—=927 + (8 x 7) x 4 = 31 = 1154. 


PROBLEM VI. 
To find the solidity of the frustum ofa triangular prism. 
(Sec the tableau.) 


GENERAL FORMULA. 


(83) To the sum of the areas of either of fts three pairs of parallel 
bases or faces AUFD—BE, ABED—OF, BCFR—AD) add four 
#imes the area of a parallel section or plans half-way between then. 


1. Here the prism in question does not rest on one of its parallel bases ; but 
this ciroumsiance cannot prevent oue from deociding immediately on the nature of 
the solid to be measured ; for, it is evidently indifferent, respecting the volume re- 
quired, whether the position of the polyhedron be vertical, horisontal or inolined. 


7 
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This sum multiplied by the sirth part of the corresponding height of the 
solid, will be the required volume. 

(84) In fact, though the frustum of a triangular prism, when 
considered with respect to its non parallel bases or ends ABC, GHK, 
or ABC, DEF, cannot be mensured at once by the general formula 
aod must be decomposed by a plane of section parallel to one of 
these bases and passing through the nearest point of the other base, 
that is, through the end of its edge or of its shortest side, into a 
prism and a pyramid, which may be measured separately by the 
general formula, to take afterwards the sum of the results ; however, 
if attention be paid to the nature of the solid, to wit, that the faces 
and edges or opposite sides are parallel, and that the sides or 
edges being but simple lines, the area of each of them is equal to 
zero (0) it will immediately be seen how to apply the rule to mea- 
sure at once the proposed prisin. 


(85) Example. Let ABC—DEF (fig. of the following page) à 
frastum of a prism where AD=8, FC=7, BE=9, CK=4, height, =5, 
(the base GHK being considered perpendicular to the sides or edges 
AD, FC, BE). We will have by the formula : volume—=area AGFD 
+ 4 times the area acfd + the area BE, which is null, the whole 
multiplied by + of the height. 





The upper base BE is but a line and is equal to.._.....… ppm. 0 
8+7 
The lower bage= ETC x GK = a * 4=7&Xx 4=......… 30 


The section acf4 (Imagine such a section ac/d parallel to the base 
ACFD and half-way between this base and the apex BE) 
BE 7 +9 
gives aa + RE 88, c ses — 8, and 
the breadth of the trapezinm acfd is g=KG--2=2, where 
area afcd=84+8, that is 164 - or 8t x 2=164 and four times 
this area= 164 x 4=........... conmnsomemnenmse _.... 66 
The sum ofthe arens is.................... 96 
which multiplied by the 6th part of the height or by £, gives 80 
anits for the volume of the proposed frustum, which agress with the 
result given here below of the calculation ofthe same frustum by 
another method and proves evidently the accuracy of the formula. 
Here agaiu, as for the priem, the general formula is reduced to 
the following more simple expression : 
(86) RULE I. Multiply (1098 G.) the base of the frustum by 
one third of the sum of the heights of its three parallel sides or edges. 
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RULE ET. Mulfiply the third of the sum of its three parallel 
sides by the area of a section perpendicular to these sides. 


REM. This second rnle, it has been said (1096 G.) derives 
evidently from that of paragraph (1025 G.) but should this con- 
clusion, perhaps too immediate for the pupil to perceive its truth, 
not be found rigorous and satixfactory enough, it is however easy to 
to show its exactness, iu different ways, the 
following of which though the most expedi- 
tious is not the least conelusive. Let then 
ABC—DEF the frustum of au oblique trian- 
gular prism divided inte two frusta ef 
right prims GHK—ABC, GHK—DEF by a 
plane GHK perpendicular to the parallel 
sides AD, BE, CF of the solid. The volnme 
ofeach composing frustum is equal (1693 
G.) to the product of the common base GHK 
by one third of the sum of the perpendiculars GD, HE, KF..-..... . 
GA, HB, KC; but GHK x KGD + HE+KF)+GHK x (GA + HB+ 
KC)=GHK x KHGD+GA+HE+1IB x KF + KC)=GHK x {(AD+BE 
+ CE) ; therefore, &c. 


Ex. I. The base of the frustum of a right triangular prism is 
10 square feet, the sides are 7, 8 and 9 feet ; what is its solity ? 
Ans. 80 cubic feet. 





2. The three sides of the frastum of an oblique prism are 73, 84 
and 94 feet ; the base and height of a section perpendicular to the 
side are respectively 5 and 3 feet ; what is the solidity of the solid ? 

Ans. 8tx7i=63%4 cubic feet. 


8 The three sidus of the base of an inclined prism measure res- 
pectively 3, 4 and 5 metres aud the heights of its three apices are 6, 
7 and 8 metres ; what is its solid content? Ans. 42 cubic metres. 


PROBLEM VII 


To find the solidity of the frustum of a prism whose 
base AD or section perpendioular to the side 
is a regular polygon or having sym- 
metrical halves (1097 G.) 


(ST) REML. Here again the general formula is reduced to and 
may be replaced by either of the following simplitied expressions, 
orone may at will compnte separately the volume of each of the 
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component frusta of triangular prisms, as in tbe following problem, 
and then take their sum. 


(88) RULE I. Multiply (1097 G.) the base by half the sum of 
the heights of two opposite sides ; the product will be the volume re- 
quired. 

RULE IX. Multiply The half sum of two of the opposite eides or 
edges of the frustum by the area of a section perpendicular Lo those 
parallel sides. 

REM. This second rule derives again from A BR 
par. (1098 G.) since one may suppose the frus- fr Ne 
tam of the polyganal prisem divided into frusta GA St et 
of triangular prisms, and for each of these com- k& Le I 
ponent frusta make the same proof as for the AN 
frustam of the triangular prism of the last pro- E D 
blem. 

Ex. 1. How many cubie fect of stone in the top of a chimney 
having for horizontal section a regular hexagon whose side is 2 feet, 


tbe heights or lengths of two opposite edges of the frustum being 
18 and 17 feet ? 








Ans. 2.5980762 x 2 x (=) —155,884572. 


3. Find the number of cubie inches of birck in a stairease 
baluater having fer horizontal section a regular octagon 3 inches 
diameter and whose least and greatest length or height measure 
respectively 27 and 29 inches. 

Ans. The required aide of the octagon is pretty accurately ob- 
tained in this case by describing a circle 3 inches diameter thence 
to find the chord of one eighth of its circumference. This operation 
gives for the brendth of one of the sides of the baluster 1 £ inches 
nearly, say 115 ; or (1.15)=1.2225, and 1.3225 + (2S T.) 4.8284.271, or 
to abridge 4.83x 1.326.375 square inches=area of the section of 


the baluster ; fiually, 6.375 x 4(27 + 29) = 6.375 x 28 = 1784 cubic 
inches: 


PROBLEM VII]. 
To determine the solidity of any frustum of a prism. 
(See the tableau.) 


(89) RULE. First find separately (1098 Gr.) by the preceding 
rules the volume of enok of the frusta of the component triangular 
priems, aud then take their sum. 
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Ex. An embankment of earth presents the form of the frus- 
tum of a right prism having for its base the polygon ABCDEA ; the 
ares of the component base ABC is 50 square yards, tbat of the base 
ADC=73 yards and that of the base ADE=65 yards ; the heights 
or lengths of the parallel sides À, B, C, &c., are respectively 7, 8, 9, 
13 and 11 feet ; what is the nnmber of cubic yards in the proposed 
solid? Ans. (1108.20° Gi.) 450 x} (7+8+9)+657x4 (7+9+18 


+585 x 4 (7 +13+11=3600 + 635 1 + 6045=— 16.996 cubic feet ; divid- 
ing by 27 we have 59214 cubic yards. 


REM. Here we have reduced into square feet the areas of the 
bases given in square yards, and divided by 27, but it is plain that 
since 3 times 9=27, it would be the same thing to multiply imme- 
diately by the yards and then divide them by 3. 


PROBLEM IX. 


To find the solidity of a wedge. 
(See the tableau.) 


(90) RULE. 70 the sum of the areas of either of its three pairs 
of parallel bases, add 4 times the central or half-way section and mul- 
tiply the sum by the G6th part of the height corresponding to such bases. 


e o f 


The result will be the required os 
6 _o 


REM. The wedge, 
as already  stated 
(1000 G.) is but à 
triangular prisem or 
the frustum of a prism 
as the edge e/is equal 
or unequal to the two b m oc b m c b m .) 
other sides ; thus the general formula will be replaceed as the case 
may be, by the simplified expression which is derived from it in the 
case of the pris, as of the frustum of a prism. Yet in the case of 
the wedge of whieh the base is generally a rectangle aud conse- 
quently very simple te be measured, the student will perhaps find it 
more advantageous to keep to the method of the general formula. 


Ex. The rectangular base of a wedge is 20 x 40 feet, the edge 
35 feet and the height 10 feet ; what is its solidity ? 


(40 +40 + 35) x 90 *x 10) or (1094 G. REM.) À 





Ans. 


6 
40440 + 35) x 420) x 10; — 3833.33. 
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2. What is the solid content of na wedge the base of which mea- 
sures 5 feet 4 inches by 9 inches, the length of the edge 34 feet and 
the perpendicular height 24 feet ? Aus, 4.1319 cubic feet. 


8. An inclined plane meets a horizontal plane and forms with 
this last a wedge the edge of which measures 100 feet ; the rectan- 
gular base 8U feet by 20 feet and the perpendicular distance between 
the edge and the base 300 feet ; what is the volume of the solid ? 

Ans. 260,000 cubic feet. 


PROBLEM X. 


To find the solidity of a prismoid (?) 


REM. À simple examination of the models of the tableau shows 
at once the nature of the intermediate section or plane parallel to 
the bases aud half-way between them. This question however is 
treated of in detail under the heading of problem LIX to which one 
may refer for auy thiug concerning the prismoid. 


(91) RULE. 70 the sum of the areas of the two parallel bases, AO 
ac, add four times the area of a parallel section KG equidistant from 





1. This solid, liko the prism, is very often met with by the measurer. Rectan- 
gular vats with inclined sides are of this form ; a flat hip-roof presents the same 
Bgure ; large reservoirs are nothing but reversed prismoids ; it is found again, in the 
basins, wharves, pillars, abutments and eonstruotions of such kind ; excavations 
aud earth works, mounds and embankments, &oe., generally assame this form ; the 
continued embankment of a railway is subdivided by vertical sections into prismoids 
each resting on one of its latera] faces and whose parallel bases are consequently per- 
pendicular to the horison ; the prismoid is met with again in every piece of squared 
timber the ends of which are unequal rectangle:; it is again seen in the pilings of 
balis, and shells, and it is also often repeated on various scales in the arts and trades, 
&o. It has been remarked (note page 412) that one must take care not to confound 
the prismoid with the frustum of a pyramid, vr rather, should it have been said, 
the frustum of a pyramid with the prismoid, for it evidently follows from the defini- 
tion of the prismoid that any frustum of a pyramid with parallel bases is at the 
same time À prismoid and can be measi re 1 by the rule applicable to this latter ; but 
the s0 called prismoid is not the frustum of a pyramid, and one cannot consequently 
determine its solidity by the rule applicable to the frustum of a pyramid, though 
however in certain cases this last rule may give an approximation very near the 
truth. Let us add also that since when it is required first to dertermine the nature 
of the solid to be measured, one must in the case of the frustum of a pyramid ascer- 
tain the proportionateness of the sides as well as their parallelism, and that their 
parallelism alone is suffcient to constitute the prismoid; one will also often save 
much useless work by considering as a prismoid any solid the latpral faces of which 
#ore inclined to one another aud the sides of the opposite bases parallel to each other. 
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these bases : then multiply the sum thus obtained by one sirth of the 
height or perpendicular distance between the parallel planes (1101 G.) 
and the result will be the required volume. 


Ex. One of the bases of a rectangular 
prismoid is 20 x 25 feet, the other is 10 x 15 
the height is 12 feet ; what is its solidity ? 


Ans. (25 x 20) + (15 x 10) + 4(20 x 15) x 
1850 x 2=— 3700. 


2. À wharf or pillar has for ita parallel 
bases, rectangles measuring respectively À 
100 x 50 feet and 80 x 40 feet, the height is 
80 feet ; what is ïts content in cubic yards ? 


Ane. 4518}f. B M 0 


8. A pile of broken stone measures 100 x 2 feet at the bottom, 
97 x 16 feet on the top, and 3 feet high or thick, what is its content 
in cubic toises ? 


Ans. (100+20)+1(96 x 16)+ 4 x 98 x 18) x & (or by }) + 216— 
244144 cubic toises. 


4. À cutting or excavation presents tlre form of a reversed pris- 
moid ; the inferior area ofthe excavation is 10,000 metres, the upper 
area 14,400 metres, the half-way area between the parallel bases is 
12,100 metres and the height. or depthr ofthe excavation is 9 metres ; 
how many eubie metres have been dug ont ? Ans. 109200. 





&. How many cubic feet of water ean be contained in a reservoir 
the base of which is a rectangle 100 x 50 feet, its upper base a rec- 
tangle 180 x 130 feet and depth 20 feet ? Ans. 262,6664. 


6. What is the cubic space contnined within a roof the base of 
wbich is a rectangle 40 x 60 feet, the upper part a rectangnlar flat 
20 x 40 and beight 12 feet ? Ans. 18,400 cubic feet. 


7. What is the solidity of a piece of square timber whose length 
is 24 feet and the ends parallel and rectangular planes 30 x 27 inches 
and 24 x 18 inches ? 


Ans. 102 cubio feet. 


S. A trough the depth of which is 20 inches, has for its parallel 
bases rectangles of 36 x 30 inches and 30 x 24 inches ? 


9. Ans. 10.3475 cubic feet. 
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9. An embankment for 
a railway mensures 300 yards 
in length, its ends are trape- 
giums, the parallel sides of 
one are 4 and 84 yards and 
the height 10 yards, the sides 
of the other are 4 and 19 
yardsaod the height 5 yards ; 
how many cabie yards does 
Îit contain ? 





Ans. Area of one end—=+ (4 + 34) x 10—190 yards, area of the 
other end = + (4 + 19) x 5 — 57} yards, intermediate area 
= 4+4)+14(34 +19) x 4(10+5)=15.25 x 7.5=114.375 square yards. 

2 
114.375 x 4=—457.500, 190 + 57.5 + 457.5=705, and 705 x } (300)=—705 
x 590=35,250 cubic yards. 


16. À causeway on a sloping or inclined ground mensures 100 
metres in length ; the areas of the quadrilaterals with parallel sides 
forming the vertical ends or bases of the prismoid perpendicular to 
its length, are 120 and 80 square metres, and the area of a half- 
way section between these latter is 100 metres ; how many cubic 
metres have been required to form it ? Ans. 10,000. 


IL. What is the cubic space oceupied by « pile of caunon balls 
whose rectangulnr base is 80 feet by 10, the upper plane ?5 feet 
by 5 and the height 4 feet ? | Ans. 58334 nearly. 


12. The pedestal of an equestrian statue the height of which is 

10 feet, has for its parallel bases rectangles of 15 x 7 feet and 12 x 4 

feet ; what is the solidity of the mass of stone which it is formed of ? 
Ans. 750 cubic feet. 


PROBLEM XL 


To find the area of a regular pyramid. 
(See the pyramids of the sfereometrical tableau.) 


(92) RULE. Multiply (1039 G.) the perimeter (ABCDEA) 
of the base by the inclined half-height (SF) ; the product will be the la- 
teral or convex area. To the lateral area add that of the base, when 
the whole area te required. 
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Ex. 1 Whatisthe Jateral aren of a regu- 
lar triangular pyramid, the inclined height of 
which is 20 and euch side of the base 

Ans. 90. 

2. Required the whole area of à regular 
pyramid the inclined height of which is 15 
metres, and the base a pentngon the side of 
which is 25 metres ? 

Ans. 2012.778 square metres. 


8. How many squares of shingle, zinc or 
other metal, &c. would be required to cover 
a roof having the form of a regular pyramid 
the base of which is 200 feet perimeter, and 
the inclined height 33 feet ? Ans. 33. 





PROBLEM XII. 


To find the lateral area of the frustum of a regular py- 
ramid with parallel bases. (Fig. to Prob. XI.) 


(See on the tableau the models of this solid.) 


(93) RULE. Find (1040 G.) fhe produot of the half sum of 
the perimelers (À BCDE A, abcdea) of the two bases by the éinclined 
height (fF) of the frustum ; you will have the required area. 


Ex. -1 What is the lateral area of the frustum of a heptagoval 
pyramid, the inclined height of which is 55, each side of the lower 
base 8, and each side of the upper base 4 ? Ans. 2.310. 


2. An eight sided raof, terminated by a platform has for mea- 
gare of its inclined height 17 feet ; the leugth of the side of the regu- 
Jar octagon constituting its base is 20 feet, and the side of the up- 
per polygon is 10 feet ; required the weight of the lead that covers 
it, lead being 6 pounds per square foot ? Anis. 12240 pouuds. 

3. How many superficial feet of cut stone are there in the late- 
ral area of a polygoual tower the inferior and superior perimeters of 
which measure respectively 100 feet and 80 feet ‘nd the iuclined 


height of wilnieh is 40 feet ? 8 Ans. 3600. 
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PROBLEM XIII. 


To determine the area of a pyramid, or of any frustur 
of an oblique or irregular pyramid 
(See the model of the tableau.) 


RULE. Get (1059 G.) separately the area of each of the compo- 
ment faces and take their sum for the required area. 





PROBLEM XIV. 
To fad the solidity of any pyramid. 
(See the models of the tableau) 
GENERAL FORMULA. 


To the ewm of the areas of the two bases or ende of the pyramit 
add four times the area of a seclion half-vay between them ; the sixtle 
part ofthe product of this sum by the height of the subid, will be the 
required volume. 

495.) REM. Here the superiorbaseS, 
(apex ofthe pyramid) is bat a point and 
its nren is therefore null,or=0. The 
aren of the half-way section has exrcthy 
and in alkcases, the value ofthe fourth 
of that of the base, since its linenr di- 
ménsions are ? the balves of those of 
the base, and the figure AC, ac,— XYZ, 
ay5 are (1085 G.) similar polygons of 
shich the aïeur âre ns the sqnures of 
the homologons rides ; which gives, ns 
alrendy stated, 3x 424. Now the np. 





L« 


1. Ta the similar triangles ABS, #9 $, tho homologous sides are 620 &) 


- Therofore, sinco ab is bnlf-wny between AB and S, we have À 
9 =n S—1 AB andomoquentiy AB : AS :: ab : « $, thut ie ab — AB 2. 
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per area being, as just seen, eqnal to 0, the formula is. for the 
pyrramid : ke area of the Vase plus 4 times the area of the half-way 
sccfion multiplied by the sirth part of thé height. But the half height 
area heing the fourth part of that of the base, and ra 4 times + are 1, 
the formula is further simplifivd and becomes : twice the area of the 
Dase by the 6th part of the height, expression which reduces at last to 
the following. (Intraduction page 9.) 

(96). ROULE. Multiply (4019 G.) he area of the base by one 
thir® of the height (937 G.) and the product will be the required s0- 
didity. 

Ex. 1. Whatis the soljdity ofa pyramid, of which the base is a 
saquare 80 fuet each side, and the height 25 feet ? Ans. 7500. 

2. The aide of rhe equilateral triangle which forms the base of 
Aa pyramid is 3 feet, its hejght is 30 feet ; what is its solidity ? 

Ana. 38.971]. 

8. What is the soJid content of x hexagonal pyramid of which 
the height is 6.4 feet and each side of its base 6 inches ? 


Ans. 1.238564. 
4. The hejght of n pyramid is 12, and each side of its pentago- 
pal base is 2 ; its eubic content is required ? Ans. 975276. 


5. What is the volume of the spnee oceupied by the roof af an 
octagoual tower which the side is 5 metres, the height of the roof 
being 10 metres ? 

Aus. 5° x 4.8284271 {2@T.)=120.7106775 metres is the area of 
the octagoual base of the roof and 120.71 x 16-—3=492.:366 cubic 
metres. 


PROBLEM XV. 


To find the solidity ofthe frustum of a pyramid with 
parallel bases. 


(Bee the frusta of a pyramid of the tableau.) 


(97) RULE KE. To the sum of the areas of the te bases add 
«1192 G.) Jour times the area of a section half-way between them, 
that is, of a section ofwkich the lineal factors are arithmetioal means 
«426% G.) between those of the two bases ; multiply then the sum thus 
obtained by one sirth of the height of the frustum ; the product will be 
the required solidity. 

(98) RULE II. Find (1061) first a mean proporlional be- 
faeen the two bases ; then add together this mean proportional and the 
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two bases ofthe frustum ; and multiply this sum by one Mird of tle 
height of the frustuin ; the product will be the required solidity. 


REM. In the case of the frustnm ofa pyramid the stereo- 
metrical formuln cannot be simplified ; it cannot he reduced as in 
the case of the prism or of the whole prramid, to À mure simple ex- 
pression. On the contrary, every other rnle to obtain tha volume 
of the frustum of a pyramid is more complicated and requirer more 
work than the formula of the tableau, whether we would cube the 
frustum by taking the difference of the whole and the partial pyrn- 
mids (AS, as, fig. to page 73, 74)or arrive at the result by Legencres 
formula which will be foaud here below (RULE EX) In fact, we 
must in the first case compute by rules of proportion, the lincal 
dimensions of the partial pyramid which is wanting in the frustnm 
under consideration to form the whole pyramid of which the frastum 
is a part, afterwards calculate each of these pyramids ; and in the 
second case there is to be found a mean proportional between tlie 
two bases, that ia, between the areas of these bases, operation 
which requires the extraction of the square root of the product of 
these two areas the one by the other ; whilst by the formula of the 
author, we arrive immediately and without any difficulty at the 
area of the intermediate section the factors of which are each an 
arithmetical mean between those of the opposite bases of the solid. 

Ex. 2. What is the number of cubic feet in a piece of timber 
the length of which is 24 feet and the ends are squares of 15 and 6 
inches the side ? 


ans. V15°+ 6° — 90225436 + 90 — 351 = (+ 194) 9 feet 54 
square inches, which multiplied by one third of 24 gives 19.5enbic feet. 


2. Required the volnme of à pentagoual pedestal the height of 
which is 5 feet, each side of the inferior base 18 inches and each 
side of the superior base 6 inches ? Aus. 9.319?5. 


8. À fort, the height af which is 15 metres, has for base a regu- 
lar octagon the side of which is 10 metres, the side of the superior 
polygon is 9 matres ; what is the solidity of the tower ? 

2 

Ans. Area iuf. oct.=(%8 TT.) 48281271 x 10=—482.64271 square 
metres, area «np. oct. = 4.8224971. x 9'— 391. 1025951, proport. menn 
area 4482.84 X 9391.10 —=434.56, the sum of the 3 arcas—482.84 +301 
1 + 434.56 — 1308.50, and 1308.5 x & (15)=6542.5 cubic metres. 


Ans By the rule (HIOL G.) of the prismoid, we have for area 


half.wny of the parallel bases (104+9)- 2=9.5, and (9.5) x 4.8281971 = 
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1435.76, x 4— 743.04, 1743.04 + 482.84 + 391.1 —2616.98,and 2616.98 + 4 
(15)=6512.45 as before, for the difference .05 between the two re- 
sults comes only from onr not having taken into the two calculations 
a greater number of decimals. 

REM. Jn this last example, the area of the smaller base— 
4.828127 1 x 9'avd that ofthe greuter—4.82842711 x 10 ; the product of 
thesetwo areas, the one by the other isd.8284271 x d x 4.8281271 x 10— 
4.828427 1 x 9 x 10 the square ront of which is 48284971 x 9 « 10=the 
proportional mean aren required. It is then plain that in the calcu- 
lation ef the solidity of the frustum of a pyramid by the firat of the 
two rules here given, one will save a long and usaless work by nsing 
the method just indicated to determine the proportional mean nren 
required, inatend of multiplying the one hy the other the arens 
482.84271. 391.1025951, afterwards to extractits squareroot. This re- 
mark applies also to the frustum of a cone, prob. XX VIII. 


PROBLEM XVI. 


To find the solidity ofthe ?rustum ofany pyramid, that 
is with non parallel bases. * 


(See among the models of the mbleau, the frustum of n triingular 
pyramid with non parallel bases.) 

(99) RULE FT. Divide the frustum to be subed by à plane of 
sechon e F gh parallel to one of the bases a B © d, and passing through 
the nearest point F of the other base, into the frustum of a pyramid 
with parallel bases and a solid which will be decomposed into as many 
pyramids as the given frustum has sides less two. Find scparately the 
solidity of each of these elements by the preceding rules : their sum cill 
be the required solidity. 

(100) BRULERE 11. Determine (1067 G.) 
separately the respective solidities of the 
schoie and partial pyramids ; the difference 
of these volumes will be the required solidity. 

Ex. The inferior and superior or oppo- 
aite areas of the frustum of a pyramid with 
nou parallel hases, are 30 and 20 metres, 
the respective heights of the whole and 
partial pyramids are 3 and 17 metres ; 
what is the rolidity of the frustum ? 


Ans. 30 x $ (33)—20 x + (17)= 320 


cubic metres — 1134 enbic metres = 216$ 
cubic metres. 





1 The figure is not that of the frustum of à pyramid, but imagine it to be one. 
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PROBLEM XVII. 
To find the area of a right oylinder. 
(See the cylinders of the tableau.) 


(101). Multiply (993 G.) the circumference of the base by the 
height to obtain the lateral area. To this area add those of the two 
bases if the whole area is required, 

ŒEsx. 2 What is the Internal area of a cylinder of which the din- 
meter of the base ir 20, and height 50 ? Ans. 3141.6. 

2. What is the number of superficial feet of cut stone in the 
convex aurfnce of a cireular pillar the height of which is 7 feet. and 
creumference 8 feet 4 inches ? Ans. 581. 


8. How mans yards of conting are there in the cirenmfvrence 
and ceiling of a cireulur room which is 20 feet in diameter and 10 


fect high ? . 

Ans. Cir.=3.1416 x 2062.83, convex area =62.832 x 10— 628. 
32 area of the ceilinygs — 20 x 20 x .7854 — 314.16, required area — 
628.2 + 314.16— 104.72 square yards. 





4. What is the cost of polishing the convex aren of an marble 
column of which the diameter is 12 inehes aud leugth 10 feet, at one 
dollar a suporfieial fect # Aus, 831.42. 


5. A cylindrical tower the height of which is 10 metres and 
diaweter 1160 10 metres, has for lateral area ? 
Ans. 314.16 square metres, 


6. Required how many feet im area there are jn a running foot 
of the interior surface of a cylindricnul drain the dinmeter of which 
is 3 fect ? Ans. 3.141359 x 3—9.42477. 


7. A cut stone vault îs semi-cylindrical, its diameter is 10 feet 
and length 50 feet ; what is its concave area ? 


Aus, 785.4 squure feet. 


8. What is the number of square inches of gilding in the sur- 
faco of an iron bar the length of which is 14 feet and the dinmeter 
1h inches ? Ans. cire. 3.927 x 168—659.37. 


9. How many auperfcial inches of silveriug would be required 
to cover the interior, that is the concave surface and the bettom ef 
a cylindrical vessel 7 inches in diameter and 9 juches ligh 1 
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Aus. The bottom = 7 x 7 x .7854 = 384846 square inches, tir 
eoncave area 1416 x 7 x9-=197.9208 square inches, in all 2364 
square inches ? 


PROBLEM XVIII. 


To find the solidity of a right cylinder. 
(Beo the tablens.) 


RE. The general formula is reduced here, ns in the case of 
the right prism, since the eylinder is nothirir else burt a prism having 
an infinite number of sides, to the following expreaalon. 

403) RULE. Multiply (1024 @.) the ares of the base by the 
height ; the product will be the solidity. 

Ex. L. Required the solidity of a eylinder 
ef which &he height is 20 and cireumference of 
tbe base 53 à 

Ans. (5.5) x (81, M) 07058 = 2.4073 
=aren of the base, and 2.4073 x 20 = 48.146. 

. A bucket or other eyHndrioal vessel is 
15 inches diameter and 12 inches high ; how 
many gnllons of wine will it contain, the gallon 
being 231 eubic inches ; 

Aus. 15x15 « 7854 x 12 = 2120.58 cubic 
31 = 9.18 gallons or 9 gullons, 1 pint 
aud half a pint, nearly. 

&. À bar of wrought iron is 14 feet long and 14 inches dinmeter, 
what is its nolidity in cubie inches ? 

Ams. 1.25 x 1.25 x .7884 x 168 (or 14 x 12)-=206.1675. 

4. A stone column is one foot diameter and 10 feet high ; what 











is its solidity ? Ans. 7.854 cubic feet. 
5. What ie, per lineal foot, the capacity of à pipe or drain of 3 
feet diameter ? Aus. 7.0686 eubic feet. 


6. The foundation of a chimney is a eyli idrical mass of whicle 
the diumeter is 10 feet aud height 10 feet ; how many eubie yards of 
masonry does it contain ? 

Aus. 785.4 cubic feet+27=29 cnbic yards, ? cubic feet. 

%. The axle-tree or ivon spindle of a mill-wheel js 10 feet long 
and 9 hrches diumeter ; what is its slidity in cubic feet ? 

Ans. 9 x 9 x.7854-+ 1728 = 4.418 cubic feet. 
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PROBLEM XIX. 


To find the area of an oblique cylinder. 


(See the tableau.) 


03) RULE. Hultiply (697 @.) the length AF or ID of the 
side by the circumference of a section LKR perpendicular to the side or 
aris PO of the cylinder ; the product will be the lateral area. 

Ex 1. The semi-cylindrical vault of 
the opening or arch of à bridge crossing Kf ” 
a river obliquely, is 30 feet diameter and 
20 feet long ; what is its concave area? 

Ans. 9424 square feet, nearly. 

2. A stairrailing terminated at each 
end by the vertical faces of the newels, 
mensures 104 inches circumference and 
15 feet long ; what is the number of su- À 
perficial yards of varnish laid over ? 


Aus. 10$ inches = .875 feet, and 15 x .875— 13.125 square feet 
1 yard 4# feet. 

8. What is the area of the zinc in a pipe the diameter of which 
is 9 inches, and of which the length, 5 feet, is termiuated by the 
parullel planes of two alternate elbows (153 @.) or facing in oppo- 
site directions. 

Ans. cir. = 3.1416 —9 x 28.2744, cir. x 60 and -- 144 = 11% 
square feet nearly. 





PROBLEM XX. 
To find the solidity of an oblique cylinder. 
(See the tableau.) 
REY. The general formula is reduced here, as for the oblique 
prism to the following simplified expression. 
RULE ZI. Aultip y the area of the base by the heiglt of the solid ; 
the product will be the required solidity. 


(104) ROLE IE. Multiply (1026) the length of the side by the 
area of a section perpendicular io the side or aris ; the product will be 


the required solidity. 
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Ex. What ie the solid content of the stair railing of the last pro- 
blem ? 

Ans. Aren sect. porp.—(81, T.) 10.5 x 10.5 x .07958 = 8.7737 
square iuches, and 8.7737 x 180 (the length in inches)= 1579.26 
eubic inches, or 914 cubic feet, or nearly. 

Ex. The area of the base ofa cylinderis 3.33square metres and 
the perpendicular distance which svpurates its two bases, is 10 
metres ; what is its sulidity ? Ans. 33.3 cubic metres. 


PROBLEM XXI. 


To find the area ofthe frustum of a right cylinder or of 
the frustum of an oblique cylinder whose large 
and small axes CD, FE or GH, LK ofthe 
opposite bases. are (1099 G.) in the 
same plane CDEF or GHKL. 


(05) ROULE 1H. Ifthe frustum be right, multiply (dem. of 1099 
and 1097 G.) the half-sum of the greatest and least heights EP, FP 
of the frustum by the perimeter of the base of which PP is the axis ; 
the product will be the lateral area. 

RULE X1. If the frustum is oblique, multiply the half-sum of the 
lengths of the least and greatest sides DE, CF of the frustum by the 
perimeter of a scotion AB perpendicular to the axis of the cylinder. 

Ex. 1. The diameter of a cylinder is - 

10, its least height is 9.4 and its groutest 
height 10.6 ; what is its convex area 
2. A half-elbow of a stove pipe EP, 
FP or of any conduit (the rectilineal 
elbow is nothing but a double frustum of 
a right cylinder, that is two frusta of 
right cylinders meeting at any angle 
whatever) of which the diameter is 7 _ 
inches, has for its least and greatest EÆ 
lengths, 4 and 11 inches respectively ; what is its lateral area ? 


Ans. 3.1416 x7 x 4 (4+11)=164.9 or say 165 square inches, or 
(+-1442=1 square fout and 21 square inches, or 1} square feet nearly. 
&. Between the two component frusta of the rectilineal elbow of 
a eglindrical hand railing, is a third frustum of which the greatost 
length is 3 inches and least length null. What is its area, the dia- 
meter of the rail being 9 inches ? 
9 
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Ans. Itis plain that the proposed frustum is nothing but a 
double angula of a right cylinder, that is two ungulæ united by their 
perpendicular bases ; the required area of which=3.1416 x 9 x #(3)= 
28.2744 x 1.5= 42.4 square inches. 


4. In a cylindrical vessel inclined to the horizon is a liquor of 
which the least distance from the surface to the bottom is 67 deci- 
metres and the greatest is 1.33 metres, the diameter of the vessel 
being i metre; required the area of the surface exposed to the action 
of the liquor ? 

Ans. 1x 3.1416 x } (67+1.33)=3.1416 square metres, — lateral 


aren, the bottom —1 x .7854-.7854 square metres, the whole area = 
3.1416+.7854=3.9270 sq. m 

5. À semi-cylindrical vault is terminated by two walls, un- 
equally oblique to the axis or direction of the vault ; the diameter 
is 20 feet and the least and greatest lengths 36 and 30 feet, what is 
the area ? A ns. 1036.73 square feet. 


6. The drum of a cireular stair of which the diameter is 10 feet, 
is terminated by the inclined roof of the building ; ts least height 
from the level of the floor ofthe last story is 7 feet, its greatest 
height 13 feet ; what i is its lateral are in square yards ? 

Ans. 314.16--9=345 nearly. 


PROBLEM XXII. 


To find the solidity of a frustum of a right cylinder, or 
of a frustum of an oblique cylinder of which the 
greater or smaller axes CD, FE or GH, LK 
of the opposite bases, are (1099 G.) in 

the same plane CDEF' or GHKL 


REM. To apply here the general formula, it would be neces- 
sary to decompose the solid by a plane parallel to one of its bases, 
and passing through the point F (?) the nearest of the other base, 
into a right or oblique cylinder as the case may be and the ungula 
of a cylinder with a circular or elliptical base and of which the ge- 
neral rule gives the exact volume. 


(106) RULE 1. Multiply (1099 G.) the base CHDG, that is 
the area of the base, by the half-sum of the least and greatest heighte 
EF, FP of the frustum ; the product will be the required solidity. 

(1) See the figure ef the last problem and imagine 8 plane of section parallel to 
CD or RN and passing through the point F ; then the section KNL of the ungula 


parallel to the plane passing through F will be the section of the ungula half-way 
between its base and its apex E. 
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RULE IX Multiply (1099 &G.) the area of a section AB per- 
pendicular to the axis 00 of the cylinder, by the half-sum of the lengths 
of the least and greatest sides DE CF ofthe frustum. 

Ex L Ina cylindrical vessel the bottom of which sunk and dis- 
turbed its vertical position, the least inclined height of the liquid 
contuined is 13 feet and the grentest height 15 feet. the diameter of 
the vat being 20 feet ; required the number of gallons of liquor (say 
73 gallons to the cubic foot) in the vat ? 

Ans. 4398.24 cubic feet—3%2986.80 gallons. 

3. The semi-cylindrical coping of a wall meeting two others at 
unequal oblique angles, measures 3 feet diameter and its mean 
length is 100 feet ; what is its solidity ? 

Ans. area perp. 8ec.—=3"%x 3 x .7854 x 100=—=353.43 cubic feet. 

2 


PROBLEM XXII. 


To findthe area and solidity ofany frustum ofa cylinder, 
(See the tableau.) 


(107) RULE KE. Imagine the frustum cut (at AB, fig. to pro- 
blem XXI) by a plane perpendicular to the axis of the cylinder. Refer 
to that common base, the too component frusta ; get by the two last pro- 
blems the area or solidity of each of them, and take their sum ; or which 
is the same thing, multiply the common base or the circumference, as the 
case may be, by half the sum of the two greatest and two least sides AO, 
BE-AF BD of the two frusta : the result will be the solidity or area, 
as the oase may be, of the proposed frustum. 


RULE IX. The area of the base UD multiplie by the half-sum 
of the least and greatest heighte FP, EP of the frustum, will give its 
solidity. 


PROBLEM XXIV. 
To find the area of a right or regular cone. 
(See the tableau.) 


(108) RULE. Multipiy (1041 @.) fhe circumference of the base 
BE by half the side, or inclined height AS, or BS, or &o. ; the 
product will be the convex area ; to this area add that of the base, if 
the whole area is required. 
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Ex. 1 Whatis the lateral aren of à 
cone the solid of which is 50 and diameter 
of the base 84 ? Ans. 667.59. 

2. What is the convex area of a cone 
the side of which is 36 and diameter of the 
base 18? Ans. 1272.348. 

&. The bottom of a boiler is a rever- 
sed cone the diameter of which is 10 feet 
and side 6 feet ; whatisits lateral area ? 

Ans. 94.248 square feet. À 

4. À vessel the diameter of which is 
10 inches has a conical lid the side of which 
is 54 inches, what is the area of the latter ? 

Ans. 10 x 3.1416 x 2.875=90.321 square inches. 

5. A reservoir the plan of which is cirenlar and the vertical 
section of which drawn through the centre is an iroseles trinngle, 
is 60 metres wide and the length of its inelined side is 33 metres ; 
how many bricks would be required to line its aren, at 75 bricks per 
square metre? 

Ans. Diam. 60 x 3.1416 x 163 x 75—233,264. 

6. A tower is 150 feet circumference and the inclined side of its 
eonienl roof mensures 30 feet ; how many sqnares of shingle roofing 
would be required to cover it ? Ans. 24. 

77. What will be the weight of the conical cover of a gazometer 
the cireumference of which is 180 feet aud the inelined side 30 feet, 
the iron being 5 pounds to the square foot ? Ans. 13,500 pounds. 


PROBLEM XXV. 


To find the area of the frustum of a right or regular 
cone with parallel bases.—(Sce the tableau.) 

09) Multiply (1042 G.) the half-sum of the circumferences of 
the two bases by the inclined height of the frustum ; you will have 
the convex area ; to which add the areas of the two bases, to obtain the 
whole area. 

Æx 1. The side of a frustum of a cone is 124, and the circum- 
ferences of its bases 8.4 and 6 ; what is its Interal aren f Ans. 90. 

2. What is the whole area of the frustum of a cone the side of 
which is 16 feet and radii of the bases 3 and 2 feet ? 

Ans. lat. areh—251.328, aren iuf. base—28.2744, area sup. base 
==12.5664, whole aren—292.1688. 

8. The conical part of a funnel has for greater dinmeter 10 
inches, the smaller diameter L inch, and the inclined side 15 inches ; 
what is its lateral area ? 








Ans. 259 square inches—1.8 square feet. 
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&, The inclined roof of a circular tower the diameter of which 
is 90 feet and the side 20 feet is terminated nt the top by a platform 
the cireumference of whichis 33 feet ; required the number of squares 
of zinc to cover it, including the platform. 


Ans. lat. aren— 1272.48, area sup. base—(33) x .07958— 86.66, 
required area 1359.14 square feet= 134 squares 9 square feet. 

5. How many square inches of gilding will be required to cover 
the interior of a goblet the inferior circumference of which is 6 
inches, the sup. circ. 7 inches and the side 34 inches ? 


Ans. The lateral surface=34 x +(6 + 7) = 22.75 square inches, 
the bottom—6 x 6 x .07958=—2.865, the whole=—25.615 square inches. 


PROBLEM XXVI. 


To determine the area of a cone or ofany frustum ofan 
oblique or irregular cone.—(See the tableau.) 


(110) RULE. Divide the lateral area of 
the cone, by lines drawn from the apex to the 
. base, into triangles or sectors, and the lateral 
area of the frustum of the cone by lines drain 
beticeen the two bases, into trapeziums, dc. ; 
calculate separately the area of each of the 
component parts and take their sum for the À 
required area. 


PROBLEM XXVII. 





To determine the solidity of a right or oblique cone. * 


(See the models.) 


REM. The general formula is reduced for the 8 
right cone, as with the regnlar pyramid, to the fol- 
lowing simplified expression, for ao —4%A0 and con- 
sequently half-way arer o = Æ area O and as 40— 
O, it follows that 40 + O x } SO—O x & SO. 


(211) RULE. Multip® (1050 G:.) the area of 
the base by one third of the height, and the product 
soil be the required solidity. 

1. Read the general formula aud the remark relating to the solidity of the 
pyramid, problem XIV. 
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Ex. 1. What is the solidity of a cone the 
height of which is 27 feet aud base a circle 10 
feet diameter ? Ans. 706.86. 


æ. The circumference of the base of a right 
cone is 9 feet, its height being 104 feet, what is 
its solidity ? Ans. 22.56. 


8. The area of the base of an oblique cone 
is 1000 metres and its height 30 metres ; what 
is its solid content ? 

Ans. 10,000 cubic metres. 

4. A rock or hillock having the form ofan irregular cone has for 
its base a figure the area of which is 5300 square yards, the height 
of the body being 105 yards ; how many cubic yards of stuff would 
it be necessary to take away to remove it ? Ans. 185,500 

5. What is the volume of the space included under a conical 
roof the height of which is 30 feet and diameter 30 feet ? 

Ans. 7068.6 cabic feet. 

6. How many cubic inches of sugar plums can a cornet 3 inches 
diameter and 9 inches long contain ? Ans. 21. 

7. The circumference of the conical bottom of a boiler is 10 
feet and the height of the cone 1 foot ; how many gallons will that 
part of the vessel contain ? 

Ans. 10 x 10 x .07958 x 1=2.652666 cubic feet, x 1728 and -- 23] 
= 19.843 gailons. 





PROBLEM XXVIII. 


To determine the volume of a frustum of a right or 
oblique cone, that is, of a frustum of any cone, 
with parallel bases.—($ee the models) ? 


(12) RULE KE To the sum of the ÿ 
areas of the tro bases, add four times the area 
of a section half-way between them, that is of 
a section whose lineal factors are arithmetcal 
means (1265 6.) between those of the two 
bases ; then multiply the sum thus obtained 
by one sixth of the height of the frustum ; the 
product will be the required solidity. ° 

ROULE IX. Find (1063 @.) first a 
proporhonnal mean between the two bases ; 


get afterwards the continued sum of the mean 
and the two bases of the frustum ; then mul- 








1. See the remark which relates to a frustum of a pyramid, problem XV. 


LU 
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tply this sum by one third of the height of the frustum and the product 
soil be the required solidity. 

Ex. IE. Required the solidity of a frastum of a right cove, the 
height of which is 18, the diameter of the inf. base 8, and that of 
the sup. base 4 ? 

Ans. Inf. base=8 x 8 x .7854=50.2656, sup. base.—4 x 4 x .7854 
12.5664, the arith. mean factor between 8 and 4=+ (8 + 4)—6, 6 x 6 x 
.7754 x 4=113.0976, the sum of these areas = 175.9296, multiplying 
by 3 (the sixth part of the height 18) we obtain 527.7888. 

2. How many cubic feet of water may be contained in a reser- 
voir having the form of the frustum of an inverted cone the greater 
diameter of which is 200 feet, smaller 100 feet, and depth 25 feet ? 

Ans. 458.153 cubic fect. 

8. À conical pipe unites two drains of 10 and 20 inches circum- 
ference, its length or the perpendicular distance between its two 
bases is 25 inches ; what is the capacity of that part of the drain ? 


Ans. Area small end = (81 T.) 0) X .07958=7.958, area large 
end = (20) x .07958—31.832, the arithmetical mean eirc.—=4(10 + 20) 
= 15, (15 x .07958 x 4 = 71.622, the sum=—111.412, this sam x } (25) — 
464.51666 cubic inches. 

4. What is the capacity of a firkin the height of which is 20 
inches, the inf. diam. 10 inches, and the sup. diam. 16 inches ? 

Ans. 2701.876 cubic inches - 1728 = 1.55 cubic feet. 

&. À vessel presentiug the form of two frusta of cones, united 
by their greater bases, measures 40 inches long, 28 inches at the 
bang or centre and 20 inches at the head or ends ; how many gallons 
will it contain Ÿ 

Ans. 20 x 20 x .7854 = 314.16, 28 x 28 x .7854=615.7536, 24 x 24 

x .7854 x 4=1809.5616, the sum of the areas - 2739.4752 ; x 1 (20) 
=9131.584 cubic inches=the content of one ofthe component frusta, 
x 2—18263.1680 cabic inches, - 231 —79.06133 gallons. 

Ans. By the 2nd rule we obtain : 


aren lesser base— 7854 x 20" =314.16 
3 
area greater base=— 7851 x 28 —=616.753%6 
area mean proport. = (98 REM T.) .7854 x 20 x 28—439,824 
1369.7376 


multiplying by one third of the height of the frustum 6t 
we obtain for sol. of the frustum 9131.5840 
2 


doubling, we have for total sol. as before 18263.1680 


88 KEY TO THE TABLEAU. 


REM. It is hardly necessary to say that instead of multiplying 
separately by .7854 or by .07958, as the case may be, the squares of 
the diam. or cire. of the opposite bases, and 4 times the square of 
the diam. or cire. of the intermediate base then to take their sum ; 
the sum of these squares may be multiplied at once by the factors 
.7854 or .07958. 


PROBLEM XXIX. 


To find the volume of any frustum of a cone with non 
parallel bases.— (See the tableau.) 


(113) RULE KE. Recompose the given 
frustum into a frustum of a cone with parallel 
bases and an angula of a cone, by a plane of 
section varallel to one of the bases and passing 
through the nearest point of the other base. 
Now get the volume of the frustum of the cone 
with parallel bases by the rule of problem 
XX VIII, then that of the ungula of the cone 
by the following problem ; the sum of these 
volumes will be that of the proposed frustum. 

(414) RULE 11]. Determine separately 
(1067 G.) the respective volumes of the entire 
and purtial cone ; the difference of these vo- 
lumes will be the required solidity. 

Ex. Theipf. and sup. areasof the frus- 
tum vf a cone with non parallel bases are 
930 and 20 metres, the respective heights of 
the entire and partial cones are 33 and 17 
wetres ; whatisthe volume ofthefrustum? 

(30 x & 33)—(20 x & 17)=330—113k—2163 cubic metres. 


PROBLEM XXX, 


To find the volume of the ungula of a cone. 
(See the tableau.) 


(115) REM. Say the uugula LAd with entire bases ABDEA 
or AbdeA, that is, each of the bases of which is an ellipsis, or the one 
a circle and the other an ellipais, or the ungula ABC-D with partial 
bases, that is, each base of which is the segment of an ellipsis or the 
one the segment of a circle aud the other the segment of an ellipsis, 
a parabola or a hyperbola, accordiug as the ungula in each of the two 
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cases be that of a right or ofan oblique cone. Imagine a plane of sec- 
tion parallel to either of the two bases and drawn half-wny between 
such base and the apex D or d, B or D, as the case may be, ofthe un- 
gala, that is, passing through the middle of Dd or DB; the section 
will be in the first case & semi-circle if the base to which it is pa- 
rallel is a circle, n semi-ellipsis if the base 

to which it is parallel is an ellipsis, and such 8 
semi-ellipsis will alro be similarto the one to 
which itis parallel ; in the second case the 
section of the unguln ABC—D will be the seg- 
ment of a circle, if the base parallel to it is 

a circle, or the segment of an ellipsis if the 
plane of section is parallel to an ellip- À 
tical base, or finally a-parabola or a hyper- 
bola. The apex of the ungula is evidently 
buta pointd or D, Dor B anditsarenis  B 
consequently nall or=0. Therefore the ge- 

neral formula “sum of the areas of the two 
opposite bases or eude, plus 4 times the area of the hnlf-way section» 
maltiplied by the sixth part of the height of the ungula ” is reduced 
as for the cone or pyrainid to the following expression : 

(16) RULE L. To the area of the base add four times that of 
the half-way section parallel to such bass and multiply the sum of 
these areus by the sixth part of the height of the solid ; the result will 
de the solidity nearly of the proposed ungula. (See the problems re- 
lating to the arens of the segments of circles and ellipses, to that of 
the paraboln, &c., problems XX and XXI, &e. 

Ex. 1. Cube the frustum of à right 
cone the height of whieh 20, the inferior 
diameter = 15, superior dinmeter = 9.6, 
intermediate diam. (15 + 9.6) + 2 = 
123. Imagine a plane of section passing 
between the opposite ends of the inferior 
and superior diameters; this section will 
divide the given frustum into two un- 
galæ, the one having forits base the infe- 
rior base of the frustum of the cone, the 
other, the superior base of the frustum. 
The intermediate section of the ungula, 
the diameter of whose base is 15, willbe * 
thesegmentofacirele whose versed-sine-= 
15+2-=7.5 and the intermediate section A 
of the other angula will also be the seg- 
ment ofs circle having for its versed-sine 12,3—7.5—4.8, The area of 

10 
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this Jatter segment=(41. F.) 42.94 and that of the other segment is 
equal to that of the circle the diam. of which is 12.3 minus 42.9%4= 
118.82—42.94 = 75.88. Now, volume inferior nngula — 75.88 x 4 + 
17671 (area of the circle the diam. of which is 15; x 20 6— 1600.75, 
the real solidity = 1596.98, the difference=3.77 =]less than the fourth 
part of one per cent iu excess. 

(117) The other ungula has for its aolidity 42.94 x 472.38 
(area of the circle whose diameter is 9.6)=— 171.766 : 72.38—244.1486 x 
20--6—813.829. This volume added to 1600.75 gives for the sum of 
the solidities of the two ungulæ 2414.579. The solidity ofthe frustum 
=aren circle, diam. 9.6 + area, circle diam. 15+4 area circle diam. 
12.3, the whole maultiplied by 20--6—2411.63376 which differs from 
the last result only because we did not take in all the decimals. 


Ex. 2. With the same frustum of a cone as in the last example, 
suppose the plane of rection passes through the end of the supe- 
rior base and cuts the inferior base at 5 from the opposite end ofthat 
base ; then (41. T.) for the area of the segment of the base the versed- 
sine of whichis 5 we will have 51.5637, and as the area ofthe circle to 
diam. 15is 15 x 15 x .7854—=176.715, we will obtain, deducting from it 
51.563937, the area of the other segment of the base the versed-sine of 
which is 10=—125.1513 Now for the respective intermediate bases of 
the two ungulæ, we obtain for the one whose verned-sine is 5 (half 
of 10) 45.349 and for the other segment whose versed-sine is 12.3— 
5=7.8 we obtain aren circle to diameter ]12.3—45.3492= 118.828 — 
45.3492=73.474. We consequently obtaiu for the solidity of oue of 
the two ungulæ (the one having for its base the inf. base of the frus- 
tum) 125.1513 + 4 times 45.3492— 306.548 and 306.548 x 20-+-6— 1021. 
8267 ; the real solidity—1015.701, the difiereuce is 6+, say the 6 
tenths nearly of one per cent in excess. 

Ex. 8. Another frustum of which the height= 40 and of which the 
inf. and sup. diam. are 60 and 38.4 and the intermudiate diam. conse- 
quently —49.2=60 + 38.4--2, the frustum divided intotwo ungulæ with 
bases not truncated as in the example n. 1, gives for respective areas 
of the segments constitnting the intermediate bases of the two un- 
gulæ whose versed-sines are 19.2 and 30, 687.050251 and 1214.120405 
whose sum=—1901.170656 (area of the circle forming the intermediate 
section of the frustum) ; area snp. base.= 1158.1194124, aren inferior 
base — 2827.44, nolidity inf. ungula= 51.226, the solidity of the supe- 
rior ungula=?6.042, the sum of the two—77.268—solidity of the 
frustum. The first solidity 51.226 is .123 more than the real solidity 
which is 51.103, the error being 0.24 or + per cent nearly, the second, 
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volume 26.042 is less than the real solidity which is 26.165, by .123 
or uearly the half of one per cent iu defect. 

The solidity ofthe other ungula=51.5637 +4 times 73474 + 72. 
3825, the whole x 20 -- 6—1392.80706, which added to 1021.8267 volume 
of the other ungula gives for the solidity of the frustum 2414.63376. 
Bat the frustum, calculated separately = as in the last example 
2414.63376. 


(118) REM. Since the formula applied to the frastum of the 
cone gives an accurate result, and the solidity of the ungula having for 
inferior base the base of the frustum, is greater than the real solidity 
as it has just been seen, by about + per cent (more or less) it fol- 
lows that the solidity vfthe other ungula is less than the real solidity 
preeisely by the quantity which it is in excess in the first ungula, 
which is evident. 

What is certain, is that in practice one would prefer disre- 
garding as the case may be, the half per cent of errvr in question 
to taking the trouble, of arriving at a more accurate result, through 
the long and difficult calculation required by the auccurate formula 
and lose a time which generally would be more valuable than the 
stake of half a uuit in a hundred, or of one unit in 200. 

Ex. 4. The segments of ellipses being the bases of the ungula of 
a cone, are (61 T.) respectively of 20 and 15 feet area, and 
the heights of the whole and partial cones perpeudiculnr to those 
bases are (1067 G.) 30 aud 33 feet; what is the volume of the 
unguia? 

Ans. (20 x 430)—(15 x 323) = 300—115=185 cubic feet. 


PROBLEM XXXL 


To determine the solidity of the ungula of a cylinder. 


(See the several ungulæ of a cylinder of the Sfereometrical Tableau.) 


(119) NOTE. The ungula of a cylinder, like the ungula of the 
cone is sometimes met withinthe practice of the measurer at the 
intersections of vaults, &c.; and in the practice of the gauger who 
has sometimes to calculate the quantity of liquor in a cylindrical or 
conical vessel inclined to the horizon. The component parts of cer- 
tain bodies may also offer to calculation solids of this kind, as when 
we decompose with respect to its measurement, the frustum of a 
cylinder or a cone with non parallel bases into a frustum with parallel 
bases and an uugula, to determine separately their solidity and get 
afterwards the sum of these solidities. 
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(4206) REM. If the base of the ungula is entire or not trancated, 
that is, if this base is, either a circle or an ellipsis, according as the 
ungula or the cylinder of which the ungula forms a part isrightorin- 


clined, then the ungula may be cousidered as the frustum of a cylinder 


with non-parallel bases and whose least height=—0, and whose 80- 
lidity, es it has been seen (107, T.) is equal to the product of the 
area of its base by half the height of the solid ; for the area of the 
half-way section parallel to the base is in that case equal to half the 
base, being evidently half a circle or half an ellipsis as the case may 
be ; now 4 times the half-circle or half-ellipsis in questiou = twice 
the base, and twice the base plus the base, (that is three times the 
base) multiplied by the 6th part of the height of the solid is equal to 
multiplying the base by half the height. The general expression is 
therefore simplified in the present case and gives for 

RULE. Multiply the base of the ungula by half its height, the pro- 
duct will be the required solidity. 

(121) REM. EH. Ifthe ungula is trancated by a plane parallel 
to its base we must resort to the general formula. 

RULE. To the sum of the areas of the opposite bases of the frustum 
of the ungula add 4 times the area of a section half-way between the two 
ends of the solid and the product of this sum by the 6th part of the height 
of the solid will be the required solidity. 

NOTE. The bases will be according to data, a circle and the 
segment of a circle, or an ellipsis and the segment of an ellipsis and 
the half-way section will be either the segment of a circle or the 
segment of an ellipsis. 

(22) REM. 111. When the ungula of a cylinder to be compu- 
ted is an ungula properly 80 called, that is, with partial base, it is 
measured exactly like the ungula of the cone (prob. XXX) that is, by 
adding to the area of its base 4 times the area of the half-way section 
to multiply afterwards the whole by the 6th part of the height ofthe 
solid. If the angula is that of a right cone, the base is the segment of a 
circle and the parallel section also à segment of a circle. The 
same if itis the ungula of an oblique cylinder, the half-way sec- 
tion parallel to the base will be, like the base, the segment of 
an ellipsis. In each of the two cases, the height or versed-sine of the 
segment the area of which is to be valued is half that of the base. As 
to the chord of the segment if this segment is of a circle we will have 
(539, @.) the half-chord=the square root of the product of the 
versed-sine by the rest of the diameter and if the segment is of au 
ellipsis, we will obtain the half chord by making : : the greater axis or 





1. See, in relation to this, the articles on the ellipsoid and elliptical spindle, 
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diameter of the ellipsis is to (: ) its minor axis or diameter as (::) the 
square root of the versed-siue of the segment multiplied by the rest 
ofthe greater axis is to(:) the half-chord. Besides we may also in prac- 
tice obtain directly the chord of the segment by tracing and mea- 
saring that chord on the solid itself. 


(128) REMT. IV. If the ungula of the last paragraph is trunc- 
ated by a plane parallel to its base, forming thus what may be 
called the frustum of an angula of a cylinder with parallel bases, we 
may still ersily obtain either by direct measurement of the model oc 
solid to be cubed, or by calculation, the chord and versed-sine of 
the intermediate section, the versed-sine being the half-sum of those 
of the circular or elliptic segments of the opposite bases. 


(124) REM V. If the angula is central, its apex, diameter 
of the cylinder, will be a mere line and the aren—=0. In that case, the 
central or half-way section will be the central zone of a circle or of an 
ellipsis, according as the nngula be right or inclined. If the ungula is 
eccentric, its apex, chord of a section, will still be a line and its 
area = 0. In such case its half-way section will be the ecceutric zone 
of a cirele or of an ellipsis as the case may be. 


(25) REM. VE. If the ungula, central or eccentric, is trunc- 
ated by a plane parallel to the base, Ît will then be the frustum 
of a central or eccentric ungula of a right or oblique cylinder one of 
whose bases, if entire, will be a circle or an ellipsis, the other base 
a central or excentric zone of a circle or ellipsis and the half-way 
section also the zone of a circle or ellipsis either central or eccentric ns 
the case may be. If the base of the ungula fs not entire, it will be 
either a central or eccentric zone of a circle or ellipsis, this segment 
being as the case may be, more or less than half the whole base of 
the cylinder of which the nngnla forms a part. 


Ex. 1. Let it be required to eube a lateral angula of a right 
cylinder, its height=—24, the versed-sine of the segment of a circle 
constituting its base=2? and the diameter of the cylinder of which 
the ungala forms à part= 10. 

The area of the base=(41,'T.) 2+10=2= versed-sine of the 
table at the end of this volume, and the tabular area corresponding 
to this sine—=.111823 which being multiplied by 10 or by 100 gives 
for required aren 11.182383. Thus also we obtain the area of the seg- 
ment at half-height of the unguln=1+10=.1=.040875  tabular area 
which x 100 = 4.0875 and this x 4 = 16.35, adding 11.1823, we have 
27.5323= sum of the areas of the base and 4 times the half-wny sec- 
tion, this sum x 4 = 24 + 6) gives for the volume of the propnscd 
angula 110.129. The real solidity is 109.4334, the difference .6958= 
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«636, that is : the rate of error is less than the + of 1 per cent in excess. 


Ex. 2. The height of the lateral ungula of a cylinder is 24 and the 
diam. of the cylinder 10 as in the last example. The base of the un- 
gula is a semi-cirele. Required the solidity. Area base=10 x 10 x 
7854-2—39.57, the versed-sine of the half-way segment=5+2=25, 
2.5 + 10=.25 correspondiug in the tables to .153546 which x 100=—15. 
3546. Now 15.3546 x 4—61.4184, addiug 39.27 we obtain 100.6884 
multiplying by 4, one sixth of the height, we have for the prismoï- 
dal volume 402.7536 ; the accurate solidity is 400, the difference is 
2.756 equal to a rate of error of .688 or a little more than the two- 
thirds of one per cent in excess. 


Ex. 8. With the rame diam. (10) of a cylinder and the same 
height of an ungula (24) as in the two last examples, the base of the 
angula which in the 1st example is less than a semi-circle, in the 2nd 
example equal to a semi-circle, is in this 3rd example greater than 
a semi-circle, its versed-sine being = 8 = 10—2; we have seen 
that the area of the segment having ? for its versed-sine or height=— 
11.1823 and as the whole base of the cylinder=10 x .7854=78.54 we 
will obtain the area vfthe required segment = 78.54—11,1843 = 67 
3577. The half-way section at half-height has for height or versed- 
sine 8-+2—4, 4+:10=.4=tab. v. s.—,.293369 = tab. area x 100 - 29. 
3369 and x 4 = 117.3476,117.3476 +67.3577 —184.7053 = sum of the 
areas, which x 4, 6th part of the height, we obtain 738.8212 for the 
volume by the general formula, the real volume = 734.218, the differ- 
euce is .4.6032 equal to a rate of error of .627 per cent or less than 
the two thirds of one per cent. 


Ex. 4. A lateral ungula of a cylinder whose diameter—?5, has 
for its height 60 and for base a segment of a circle whose versed- 
sine=5. What is the volume of the ungula ? 


Since 5 : 25 and ?t : 25 in this example as 2 : 10 and as 1 : 10 in 
example N° 1, we have for tab. area as in the first example 
111823 and .040875 which multiplied each by 25. or by 625 give for 
area of the base 69.89 aud for area of the half-way section 25.546875. 
This last x 4 times—102.1875, adding 69.89 we have 172.077 which 

x 10 (the height--6)=1720.77. The real solidity — 1709.90, the dif- 
ference= 10.87 = .635= less than two thirds of 1 per cent. 


Ezx.5. Let us compute now the complemental ungula to that of 
example 4, that is, the ungula which, with that of the last example, 
make up the cylinder of which each of them forms a part. 

The area of the base of the cylinder—2?5 x 25 x .7854— 490.875 
aud this base xthe height 60—29452.5—solidity of the cylinder. 
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The ungala to be computed bas for its inferior base the base of the 
cylinder less the base of the ungula already computed, that is, 490. 
875—69.89— 420.985, the superior base being entire — 490.875 and the 
half-way section = 490.875 — 25.546875 (area of the segment whose 
v. 8.—=2.5)=465.3%8125. This last aren taken 4 times—1861.3195, 
adding the areas of the opposite bases, we obtain 2773.1725 for the 
sum of the areas, multiplyiug by 10 (6th part of the height) we obtain 
for the vol. of the uugula 27731.725, if to this vol. we add 1720.77 vol. 
of the Ist ungula we have 29,452.495 = volume of the cylinder as 
herein above determined, the difference between .5 and 4.95 being 
caused by our taking 69.89 for 69.889375 for the area of the inferior 
segment of the 1st ungula. 


If 1709.9 is the real vol. of the 1st ungula ; then, as 29452 5isthe 
real vol. of the cylinder, it follows that the accurate solidity of the 
complemental ungnla just computed in this example to 27731.795 is 
29452.5—1709.9 =27742.6. Therefore the vol. of the complemental 
ungula is in this example too small by 11 nearly—.04 = ,$; per cent 
or x Of 1 per cent. 


THEOREM. 


(128) General expression for the lateral area (convex or 
concave) of any solid of revolution, or of a segment 
or frustum of such a solid with a single base or 
two parallel bases, and whose plane of sec- 
tion is perpendicular to the axis ofthe 
generating curve. 


Divide the generating curve into equal parts so small that each of 
them be senaibly a right line ; draw through each point of division a 
cireumference parallel to the base or perpendicular to the axis nf 
the solid. These parallel circumferences will divide the area to be 
computed into zones of equal breadth ; each of these zones will be a 
continued trapezium the area of which will be obtained by multi- 
plying the half sum of its parallel bases or circumferences by the 
height or breadth of the zoue, aud the whole area of the proposed 
solid will be equal to the sum of the areas of its component zones. 

The required area will therefore be obtained by adding to the half- 
gum of the circumferences of the opposite bases or ends of the solid, the 
sum of the intcrmediaie circumferences of all the component zones, and 
aflerwards multiplying the whole by the breadith of one of these zones : ex- 
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pression annlogous to that of par. (88 and 69 T.) for the area 
of any plane figure. 
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Thus AB-C being any conoid, a half-spindle, a hemisphere, a 
half-spheroid or any segment of a sphere, spheroïid or spindle, with 
a single base AB, we will have the lateral area—(4 cire. AB + cire. 
ab + cire. cd) x Aa = ao=eC. 

Ifthe given segment or frustam AB de has two bases AB, cd, 
the area will be—(4 cire. AB + cire. ab + cire. etc. + 4circ. cd) x A 
aor ac. Ifthe opposite halves of the solid are aymmetrical as in 
the cask AB or any other central frustum or segment of a spindle or 
speroid, it is hurdly necessary to observe that it will suffce to ope- 
rate on one of the symmetrical halves and afterwards double the 
result. 

If the solid AB-C in question is with a concave surface, that is, 
generated by the revolution of a urve AC or Ag which presents its 
ty to the axis CD of the A 







it is plain that we will 4, ë À 
in the same manner obtain the ? As 
aren = ($cir. AB + cir. ab + cire. L) 
cd+cire. ef) x Aa or ac, &e., in 4 # 
the cnse of the conoid or seg- 4 ."K 


ment with u single base, or = (4 


cire. AB-+cire. ab + cire. &e., + 4 cire. gh) x Aa or ae, &e., inthe 
case of the frustum or segment with two parallel bascs AB, gh. 
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It follows evidentir from what precedes thatifthe generating line 
of the surface to be computed is mixed, that is, partly convex and 
partir concave, or if this line is partly right and partly enrved, the 
gume process will quite as simply lead to the determination of its 
areu or superficies. 

REM. Icisto be remarked that the general formnla jnat esta- 
blished will generally give, for any convex surface, a result which 
will be in defect of the required aveu of rhe solid, and in the same 
way, the resulc obtained in the case of n eoncave surface will be in 
excuxs of the real area of the proposed bady. 

Eu fact, in practice, the breadth AaC, of one of the component 
zones of the surface to be measured, ni D 
will difier wore or less from the 
straisht line AcC, accordiug as AC @ 4 
is a greater or smaller portion ofthe 
gouerating curve. Therefore instead A 





ef consideriug AC us a straighét line with a length = AcC we will add 
to the aceuracy of the reault by taking for the breadth of the zone 
the developed breadth AaC of that zone, which will be obtained pretry 
accuratelz with the help of a scale of equal parts sufficiently subdi- 
vided and thin enough to be adjusted to the convex or concave di- 
rection of the length of the arc to be computed. 


However, thongh we shall have added to the precision of the ope- 
ration by subetituting for the rectilineal brendth AcC of the zone, its 
renl breadth AaC; we will still be in defect or in excess of the required 
area, aithough by a very small quautity, with regard to the whole 
aren. This quantity will be, very nearly, equal to (ac + bd) or 2 ac) 
x 3.1416 x & AaC or to 34 times the double of the areu of the space Ac 
CaA, or to 12% times the area of the triangular space having ac for its 
base and fur its height the developed length of the arc aC ; for 2ac x 
3.1416isevidentiy the difference between the cirenmference «b andthe 
mean cd, of the cireumferences AB, CD, and it is precisely by 
the product of that difference by the length of the are aC or «A, or 
which is the same thing, by the produet of the half difference aC by 
the whole are AaC, that the required convex urea is slight or want- 
ting, or that the concave area to be determined is great or in excess ; 
but on account of AC being very small, the difference, either in excess 
or in defect, between the aceurate area and the area obtained by the 
formula, will always be, as we have just said, à relatively small and 
insiguitieant quautity, which will soon be seen with the problems 
aud solutions shortly to be submitted in order to compare their 
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accuracy with that of the results which the ordinary rules furnish, 
and to judge at the same time of the amouut of labour incident 
thereto. 


THEOREM. 
General expression for the volume of any solid. 


(See the models of the stereometrical tableau.) 


(127). Of every right or oblique prism or cylinder—of every regu- 
lar or irregular pyramid or of every right or oblique conc—of every 
frustum of a pyramid or cone comprised between parallel bases—of the 
sphere—of every spherical sector or pyramid —of every spheroid—of every 
segment of a sphere or spheroid with a single base or of every frustum 
of these bodies wilh two parallel bases inclined in any way to the ares 
of the solid—of every right or inclined paraboloid or parabolic conoid— 
of every riyht or inclined hyperboloid or hyperbolie convid—of every 
segment of a paraboloid or hyperboloid with «a single base or of every 
frustum of these bodies with two parallel bases inclined in any way to 
the axes of the solid—of crery wedye or other frustum of a triangular 
prism—of every part of such wedge or of such a truncated prism separa- 
ted from the whole solid by a plane parallel to either of its lateral faccs— 
of every other prismoid or cylindroid—of every uugula of a sphere or 
spheroid comprised between plines of section passing in any direction 
through the centre of the solid—of every ungula of a prism or prisemoid, 
cylinder or cylindroid, pyramid, cone or conoid comprised betireen planes 
of section having their common intersection in the axis of the solid and of 
every segment of such ungqula with a single base, or of any frustum of 
such ungula between parallel bases (and approximatively.) ofthe 
semi-spindle or semi-central frustum of a spindle (cask: comprised be- 
tween parallel planes perpendicular to the fired axis af the solid, —of any 
ungula whatever of a prism or prismoid, cylinder or cylindroid, pyramid, 
cone or conoid, sphere, spheroid or spindle, and of every frustum of an 
ungula comprised between parallel bases) : the volume is equal to the sum 
of the arca of its base, if there is but one, or of its parallel bases, if there 
are two, and of four times the area of a section half-way between the bases, 
belween the base and apex, or between the opposite apices, as the case 
may be, mulliplied by one sirth of the height of the solid. 


Let À aud B the opposite bases, buse and apex, or opposite 
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abices of any one of the bodies jnst enumernted, let S a parallel Rec: 
tion half-way between À and B, and HF the height of the solid; we 
will obtain, aus the case may be, volume={(uren À + area B : 4 area S) 
x HH, or (area À + 4 area 8) : LIT, or (4 area S) x 4 H, according as 
area apex B=0 or arex apex À + area apex B=—0. 

(128; Now,ofthe five regular polyhedrons, the tetrahedron is a 
pyrumid, the hexhaedron is a cube tliat is a prism, and each of the 
three others is à compound of pyramids equal to ench other; every 
frustam of a polygonal prism is a compound of frusta af triangular 
priems each having for its base one of the lateral faces of the given 
frustum nud the edges or arrises of which all unite and become con- 
founded in once of the parallel edges of the solid or in any right line pa- 
rallel to the sides of the frustum, situated in its interior and which may 
be considered as an axis of the prism of which the fruagtum forms a 
part ; every frustum of a cylinder may also be considered as a com- 
pouud of frusta of triangular priams, since the cylinder itself is bat an 
infinitary prism !; every circular, elliptical, parabolic, &c., spindle, 
elongated or flattened, as the case may be, will be decomposed, as 
has already been shown, by sections perpendicular to the fixed axis 
ofthe solid (1138 G.) into cones and frustu of cones, or, if possible, 
into frusta of a sphere or spheroid, or af a parabolic or hyperbolie 
œouoid, sabdivisions to which may be added if required, the cylin- 
der and spherical segment. The conoid or spheroid whose generating 
eurve is not that of a section of a eone, can be decomposed 
139 G.) like the spindle, into frusta of cones or conoïds, segments 
of x «phere, segments of spheroids, of paraboloïds or of hyperboloids, 
&e. ; the ungulu of 4 cylinder, cone or conoid, &e., will be consider- 
ed as a compound of rectilineal or spherical pyramids, &c., and every 
other body will be subdivided, as the case may be, into elements 
(1143 G.) of the kind just enumerated. | 


The expression is therefore general, as has been said at the 
head of this article, aud will serve at will to determine the solidity 
of any body. 


(129) Used till now (116% G.) to the consideration of 80 varied 
a number of expressions for the volume of the several solids in 


+ 


1 We have seen elsewhere (8% to S$ ‘F'.) that as regards the frustum 
of a regular prism, that is, the bases of which are regular or symmetrioal polygons, 
aad (105 to 107 ©. as to the frustum of a cylinder, this subdivision or imagi- 
nary decomposition by planes of seotion is not at ail necessary, since such bodies 
are easily measured without that. 
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question, and that, withont even including the splreroidt, prumbmloid 
and the segments of those bodies, which still give rise to additional 
formuilae ; the pnpil will at first perhiaps be astonished and will evetr 
doubt the existence of a formula wirich may be applied at once, to 
bodies aa dissimilar fo each other as are the prian or eylinder, the 
sphere, the syment of a sphere, the pyramid or eoue gd the wedge, 
&c., and whose limitiug surfaces are iadiferentiy plane or enrved or 
both: but the following reflections will he sufficient to prove the 
Accuraey of the enuneiation of the proposition. 


(4180) Eu the firat piace, the prism or cylinder has for ite soli- 
dity (1103 1° and 6° G.) the aren of 168 base multiplied by its 
height ; but the opposite bases of a prinm or cylinder nre eqgnal and 
every section of such 8olids parallel te the base (9.418 Gr.) is equal to 
the base ; the sum of the 2 bases plus 4 times the half-way seetion 
between them, is then equal to six times the base, and it is the snme 
thing to multiply 6 times the base by one sixth of the height or to 
ahuply multiply the base by the whole heirht. 


(R31) In the second place, the solidity of the pyramid or 
corne (infinitary pyramid) is (L108 2° and7° &.) one third of the 
product of its buse by its height; but the parallel section half-waÿ 
between the base and the apex is equal to the fourth part of the base, 
siuce the sides or other homologons lines of that sectron are halves of 
those of the base and the areas are as che squares of the homliozsous 
ades, that is, : 2: 1: 4 when thesides are: 1:2. Fherefore in this ease 
the base plus #4 times the section between the base and the apex is 
equal to twice the base, and it is the same thine to multiply twice 
the buse hy one sixth of the height or to simplifÿ the formula by 
multiplying the buse by one third of the height. 


(152) Besiden, 4 it is chown (K102 G.) by the def. of the 
prismoid, the frustum of a pyramid ïs at the same time a prisamoid 
and the frustum of a cone (frustum of an infinitary pyratmid) is still 
a prismoid, and these frusta, supposing that their height be indeti- 
nitely increased, Will at last become the very solids of which they 
at fist ionued butu part; and the formula (aren A +areu B + 4 area S) 
willulways hold good, whatever may be the are of the apex orofthe 
superior base B, aud when B is but à point and consequently its area 
become equal to 0, he formula will become : (aren À + 4 times aren 
S) x ! of the heisht. 

(133) In the third place, the solidity of the sphere is 
(1035 G ) cqual to its area multiplied by one third of its radins ; 
now this area is precisely equal to four of its grent cireles, that is 
to four times the area of à section of the sphere cquidistunt from nny 
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apices or points of its convex area; thence therefore 
of the formula, since the sixth part of the height of the 
is of its diameter, is one third of the radius or semi- 








h respect to the hemisphere, ite so- EL 

1 (LOYT G.)to the convex area by 

he radins ; but its convex aren 4 4 
ro grent direles, since the aren 

sphere is equul to 4 grent circles, À Ÿ B 
3 (4 grent circles x HE F) = 

+4EF); but aren section aDb (or EDÆ=FD) - 4 area 
ice Db=DFI—DPI - FB2— (HF BE 1—4=# and as 
23, we obtain 4 area ab +uren ABZ4 nren AB; therefore 
REF or 2 area AB «4 EF = (area AB + 4 aven ab) x# 
€, &e. 











nd in general, had we to do À 
r segment ED ofthe sphere, its solidity 4] 
38 G.) to the sum of the solidities of 

al cone ED and segment BD; but  % 
BD, that is of the solid generated F 
ation of the segment BD is (1089 G.) 
e between the apherical sector gene- 
revolution of the sector BCD and the solid ge 
Intion of the isosceles trinngle BCD ; this dif 
aoss 6. DE (CB —Caÿ EF= #T(Co— Cd) EF; but 
d=ab=ad becaune of aC being common to the rec- 
des abC, adC ; therefore the solidity of the solid gene- 
@.d which with tbe truncated cone generated by the 
f the trapezium EBDF forms the spherical segment we 
sith gra —ad) EF. Now, Tab =4024 @.) aren 
ren cirele adand consequently # (ab'—ad")=uren 
ar ring db. 16 ix plain also that we mny write F(ab°— 
47 (ab —ad )} EF, since ÿ-+4=} ; therefore the solidity 
ren db) x 4 EF or 4 times the area of the ring generated 
ution of bd, multiplied by one sixth of the height EF of 
. But the solidity of the component truneated cone= 
en base FD +aren base EB+4 times nrea parallel sec- 
EF; therefore the entire solidity of the segment of a 
a buse FD + aren buse EB + 4 area section ab equidis- 
B and FD) x} EF ; therefore, &c. 
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(136) In the fourth piace. After having shown the accu- 
racy of the ‘* general crpression ” in the case of the sphere and cone, 
solids generated by the revolution of the cirele and triangle, the two 
extreme sections of the cone (and the most dissimilar) thc one by a 
plane paritllel toits base, the other by a plane perpendiculur toits base 
and ptissiug through the upex of the cone, we are induced to believe 
that it will be the same by analogy, with the bodies generated br the 
revolution of the three other conic sections properly so called, that 
is : the ellipsis (generatiug the ellipsoid or spheroid), the parnbola 
(generating the paraboid) and the hyperbola, (generatinug the hy- 
perboloid), and this on arconnt of the intermediate position which 
these three sections occupy between the two others, each of there 
Jutter having to pass suvcessively to the state of hyperbola, pu- 
rabola and ellipsis, or vice-versa, in order to become from 4 tri- 
angle, a cirele or from a cirele à triangle ; or which is the same 
thing, the cone having to pass successively to the state of hyper- 
boloid, paraboloid and ellipsoid, to become x sphere, or the sphere 
by the reverse process to become à cone. 


And in fact, the expressions furnished by the “differential and 
integral culculus” for the respective solidities of the spheroid, and 
parabolie aud hyperbolie conoids, or of the segments of these bodies, 
are euxily reduced to and translated into those contained in the enun- 
ciation of this article and from which they ditfer but by the form. 


(137) Fiealy. It remains to demon- c 
etrate that when the scgment AC of à spiudle, 
for instance, or of any other solidofrevolution, . é 
&c., is not that of a sphere, spheroid, regular 4 
conoid or cone, we none the less obtain its 
solidity, at lenst very nearly, by the formula 
(E +F + dab) x LH EF. In fact we always have sol. trancated cone 
AC={(urea E+aren F +4 area ed) XX EF, which generally offers a 
very near approximation to the required solidity. 

We have again (by the formula) for the volume of the solid gene- 
rated by therevolution of the segment BBC about the axis EF,4 times 
the areu of the riug, the breadth of whieh is db, mnitiplied by one 
aixth ofthe height EF ; and, drawing the right lines bC, bB, thesolids 
generated by the revolution of the triangles bdB, bdC, considering 
them as continued triangular priants, will have for solidity the area 
of the ring bd, their common base, by half the height EF, or which 
is the same thing, three times the area of the an: ular base db—ae by 
one sixth of the height EF, or sol. BbC=3 area bd x1 EF, which 
added to that of the component trunented cone AC of the solid to bé 
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computed, furuishes à new approximation still nearer than the first 
to the required solidity. There still remains to complete the solidity 
given by the formula (E+F+4ab)x} EF, the product of } EF by 
once the area of the ring described by bd, and to cover or meet this 
last product we have the solids generated by the revolntion of the 
gægments bcC, bgB. Now, it is plain that the sum of these latter is 
to the solid generated by the segment BbC, in the ratio, neurly af 
the respective areas of the sum of the segments bB, DC to the Kkeg- 
ment BC ; but these areas are to each other, very nearly, ns Lis to 4, 
whence it follows that the remainder (nren bd x 4 EF) just apoken of: 
will seusibly correspond to the solidity of the sum of the solids 0B, 
EC which go to make np the given segm:nt ABCD ; therefore, &c. 


(13S) Let us remark that the difference between the acen- 
rate solidity of the proposed segment an lits approximate solidity 
by the formula tE FF +4 ab) L EF, is always in excess, which is 
party owing to the fact that considering the solid generated by the 
revolution of the segment BbC about the axis EF as a continuous 
prism, (or as a solid ing having for section the segment BbC) with 
a mean length equal to the half-sum of the cireumferences ab, ed, we 
take this length a little too great, since the continned prism in ques- 
tion loses more of its length in C than it gains in B; which in- 
duces us to observe also that since the soïid ring generated by the 
evolution of the segment BbC is rather the eontinned frustum of n 
prirm or à series offrusta of prisws, we might obtain its sulidity with 
suflicient accurncy by making (4095 G.) the product of thie gencrat- 
ing area BBC (section of the prism by «a plane perpendicnular to its siden 
er edges, by oue third of the sum of the circeumferences at B, b and C 
(respective leugths of the edges of the ring or frustum) and we might 
ill add to the uceuracy of the solidity to be obtained by multiply- 
ing the generating area JBbC of the ring by one fifth of the sum of 
the five cireumferences at B, 4, b, e and C or by thesum of any nuin- 
ber of circumferences (taken at equidistant points from each other) 
divided by the number of these cireumferences. 


(139) The rule which has just been given 
to obtain the solidity ofthe segment of a solid 
With a convex surface, is also applicable to the 
segment of a solid with a concave surface, th same 
demoustratiou being ndmissable in both cases, 
as indicated by the letters in the figure; 
with this exception only that the difference be- 
tween the accurate and the approximate solidities will evidently be 
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in defect instead of beingin excess, for in this case the mean length of 
the continued frustum of à prixm or of the solid ring generated by 
the revolution of the segment B b C is less than the mean to be ob- 
tained by taking into consideration the circumf-rences at B and 
at C. We will therefore obtain very y the solidiry of the 

segment AC, eqmal to the difference of the solidities of the frustum 
of a cone AC and of the nolid ring produced by the revolution of the 
segment BC, that is by making the produet of the sixth part of the 
height EF by the sum of the areas of the bases AB, CD and four 
times the section a b half-way between those bises. 























(40) The «ame rule will also give with auf E 
cient aceuraey in practice, the solidity of the conoid 
AEB wèth a concuve surface, and often we will iudefi- À 
nitely add to the neeuraey ofthe volume ofthraotid  4//é 
to be obtained by a contmued subdivisionofthe body PEN 
te be computed, into parallel segments, smaller and 





smaller and of equal heightorthickness. However 
in most enges, it will not be necerg to carry the number of the 
suhdivions beyond 3 or 5 to obtain à suffcient precision in the 
result. 


(141) In geners.1 we will obtain very nenrly the solidity of 
any regular vr irregular body OT by dividing it into slices or seg- 
ments, by paralleland equidistanc planes. We will sepurately obtain 
by the prixmoidal formuli (0+AB+4 ab) * } OP, the solidity of 
each of these slices the sum of which will be the solid content of the 
proposed body. We will thus obtain for the solidity of the seg- 
ment OAB, (aren O+nren AB + 4 aren ab) 4 
OP, for the solidity of the next slice BC we 
will obtain (AB+CD + 4cd) 4 PQ, and ao on ; 
whenceitis plain thattheentire volume ofthe 
solid = O + 4ab + 2 AB + 4 cd + 2 UD + 4 
ef+2 EF + &ec.+ MN)x# OP, &e., that is: 
to the sum of the arens of the ends O, T, of the given solid, or of the 
exterior bases of the first and the Inst slices, we will add twice the 
gauw of the other bases AB, CD,&c., of those two slices and ofthe other 
component slices, plus four times the sum of the sections «b, cd, ef, 
&c., of those slices, and then multiply the whole by the sixth part of 
the height OP or PQ, &e., of one of them ; the result will be the s0- 
lidity of the proposed body, (formula analogoas to that of pur. 
(23, T.) to obtain the aren of any plane figure. 
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(142) It is plain also that to arrive at the - 
solidity of axy frustum or segment A B ab, ofa 
sphere, spheroid or conoïid with non parallel 
bases AB, ab, it willsufficeto compute separately 
the velume of the whole solid AB—E and that 
ofthe partial solid ab—e and then take the dif 
ference of those solidities. We will_ thus obtain 
vol. AB ba=(arena AB+4 area intermediate 
section between AB and Ex} EF) less (area ab + darea intersme- 
diate section between ab and 6 x } ef.) 

(143) Let us now apply this general formala to the solution of 
the several problems relating to it, (excepting however the prisme 
or cylinder, the pyramid or cone, the frustum of a pyramid or oone, 
and the prismoid, which have already been treated of), and let us also 
take the opportunity of comparing, in certain cases, the results thus 
obtained and those furnished by the ordinary rules, 80 as to judgs of 
their comparative accuracy and of the amount of labour necessary 
to work out the result. 


PROBLEM XXXN. 
To find the area of a sphere. 








(144) RULE L. Multiply (1071 G.) the ciroumferenoe of one 
of its great ciroles by its diameter AF. 

RULE IL. Multiply (1072 G.) the square of its diameter ot 
Jour times the square of its radius by .7854 and by 4, or at onoe 
by 3.1416. 

Ex. 1. What is the area of a 
sphere the diameter of which is 7 À 

Ans. 153.9384. 

2. The diam. of a sphere is 24 in- 
ches ; what is its area ? 

Ans. 1809.5616. 

How many square inches of gild- 
ing would be required to cover a 
spherical ball the circamference of 
which is 78.54 inches ? 

Ans. 78.54-+3.1416—25—diam. 
and 78.54 x 25—1963.4 sq. inch. 

4. What is the area of the earth if the diam. is 7912 miles Ÿ 

12 Ans. 196,663,355.7504. 
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5. How many superficial feet of lead or other metal would be 
red to cover à hemispherical dome the diameter of which is 33 
L'inches ? 


Ans. 33} x 334 x 7854 x 2—1755 square feet ; for, ifthe area of 
“hole sphere is equal to 4 grent circles, it is plain that that of 
‘emisphere is equal to ? great cireles. 





B. The vault of the apsis of a church is in the form of a 
*er of a sphere the radius of which is 15 feeb: required the num- 
£ yards of plastering necessary to cover its surface 


Ans. 30 x 30 x .7854+-9=—78.54 or 78} yards ; for, since the en- 
phere is equal to 4 great cireles, the quarter of a sphere isequal 
e. 


r. What will be, at 5 pounds per square foot, the weight of a 
spherical coppér boller the cireumfrence of which is 188$ 
8 


Ans. 188.5+3.1416—diam. — 60 and 188.5 x 60=11310 square 
8 of which the half 5655-14 = 39.27 square feet, this area mul- 
4 by 5 (the weight persq. foot) gives 196.35 pounds. 


145) RULE IX. Oonsider the surface of the sphere as a com 
d of continued trapesiums or rones of equal breadth A B= BU= 
:DE=EF and procced in the manner of paragraph. (126 X.) 


Ex. 1. What is the area of à hemisphere the diameter of which 
3? 


Ans. The cireumference=—268 x 3.1416—826,2408, the fourth part 
; circumference 206.5602 divided into 5 equal parts, gives for the 
oped width of one ofthe component zones 41.31204. The inter- 
ate diameters of these zones obtained by means of a scale of 40 
to the inch., measure respectively, computing from the bise to 
pex, 250, 213, 145, and 82 : the sum of these intermediate dia- 
rs plus the half (131.5) of the diameter 263 at the buse, is 830.5 ; 
sum x 3.1416 gives the sum 2609.0988 of the circumferences to en- 
ito the computation ; this latter x 41.31204, width of one of the 
y finally gives for answer 107,787 units of area. 


REM. The two first rules give each of them for area of the pro- 
L'hemisphere 108,650.66 units. The difference between these 
ts is 863.5, 863.5--108.650—008 nearly, whereby the rato of 
is # of L per cent nearly. We therefore conclude that in every 
gous case, it will suffice to increase by .008 or. O1, nearly the 
t obtained by this rule, to come very near the required area. 
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Ex. 2. Let it be required now to operate with 10 sections or 
ones instead of 5, the diameter of the hemisphere remaining the 
sane ? 


Ans. The 9 intermediate diameters being as follows : 260,250, 
234, 213, 186, 154, 119, 82 and 42 ; their sum + 131.5 (half the dinmeter 
263 at the base) is 1671.5, this sum x 3.1416 = 5251.1844, sum 
of the circamferences to be used as an element of the proposed 
computation ; the breadth of one of the component zones will in this 
case be 1 of the quarter of the circumference, that is 862 2408 + 
4+ 10 or atonce by 40 = 20.65602 ; but, 5251.1844 x 20.65602=— 
168,468.57. It has already been seen that the accurate result is 
108,650.66 ; the difference of these results is now but 182, equal to 
0017, that is : the deficiency is no more than 4 of 1 per cent. 


This rate of error added to the result of any other analogous 
operation would therefore give a pretty near approximation to the 
truth. 


Ex. 3. Let ns see now in how far the precision of the result will 
be added to, by working out the solution of the same problem, by 
means of an additional number of subdivisions, say 20 for instance. 


Ans. The intermediate diameters are 262, 260, 256, 250, 243, 
24, 224, 213, 200, 186, 171, 154, 138, 119, 101, 82, 62, 42, 21 ; the 
sum of the intermediate diameters + the half-diameter at the base= 
349.5 ; multiplying by 3.1416 and by 10.32801 (breadth of one of the 
sections) we will obtain 108,679.5 against 108,650.66 the true area. The 
difference is in this case in excess instead of less than the required 
area, as it should be (826) and as it would be in fact if we had eom- 
puted the intermediate diameters of the component zones instead of 
Obtaining them graphically or mechanically, as has been done 
with the aid of a small diagram on paper and a scale of equal parts. 
This difference br excess is but of 29 units in 108, 650, say .0027 or 
less than of one per cent ; it is due to our neglecting, in measuring 
the intermediate diameters, the fractions ofunits which if needed could 
be taken into consideration ; but it may be admitted that in practice 
aresult which, like this, deviated from the truth but by pv in 
excess or deficiency, would be equivalent to perfect accuracy. 


(146) REX. If we put this third rule among those that may 
be used to determine the area of a sphere or part of a sphere ; it is not 
that we should think proper to apply it to arrive at the .area of a 
sphere properly 80 called or at the solution of any anologous 
problem that can be solved by more simple and direct rules ; bat it 
is because in practice, it is rare enough that we have to deal with a 
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of a perfect sphere, a spheroid or part of & 
5 called, a true paraboloid or hyperboloid, 
olid of revolution, the generating curve of which 
acone, such as the circle, the ellipsis, the para- 
It is therefore evident that in all cases in which 
» operate on a perfect spheroid or conoid, or the 
1 only be established but by much prelimi- 
1 be betterto procced immediately by Rule IIL 
se to another rule which did not accurately 
à problem. 


Id that if the surface to be measured, instead of 
gual curvature, as that of the sphere, were, as that 
, of unequal curvature, we might, before proceed- 
minto zones of equal brendth, first divide the 
in two or several parts which would afterwards 
less or greater number of zones according to the 
aturein the corresponding part of the generating 
caloulate separately the parts of unequal ecur- 
8 take the sum of those parts. 
lse, the measurer or geometrician, im 
. to be brought to bear in the practice of the details 
1e sight of the importance of not devoting to the 
a labour and time which would not be justified by 
ould for instance be idle, wo may even say 
sh to within a millionth, thousandth, hundredth 
ar of the accurate result, a proposed area or vo- 
vote to it a time which would cost those iuter- 
tion of the value ofsuch unit. We say ‘usually ;” 
>re may be circumstances, either in a question 
where the cost of doing justice to the parties 
fact is often more, in an unlimited proportion, 
ke. 


PROBLEM XXXIIL 


olidity of a sphere. (See the tableau.) 


or plane surface RS touches the sphere but in 
! ; therefore the areas of the opposite and 
8 D, Mare each of them null or=0, which re- 
the case of the sphere to multiplying 4 times 








a ——— ————— RS — — _ 
ur w af ] 
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the area of a great circle, that is, of a section passing through the 
centre C, by the sixth part of the height DM perpendicular to that 
section. 

(149) RULE KI  Multiply 
075 6.) the area by one third of 
the radius. 

RULE II. Cube (1108, 10°) 
the diameter and multiply the number 
thus found by }T ; that is, by 0.5236 
or the solidity of a sphere the diameter 
of which is 1 ; for (1084 &.) the 
solidities or volumes of any two 
spheres are as the cubes of their diam. 

RULE JET. Multiply 4 times 
the area of a section of the sphere equi- | 
distant from its opposite ends or apices by the sirth of the height perpen- 
dicular to that section. This rule, in the case of the sphere, is evi- 
dently analogous to the first, for the area of the sphere is equal to 4 
great circles, the great circle is the section of the sphere by a plane 
passing through the centre C, that is, equidistant from two opposite 
points D, M, of its surface, and the 6th of the height DM is but the 
sixtkh of the diameter or the third of the radius. 





Ex. 1. What is the solidity of a sphere the diameter of which is 
12% Ans, 12 x 12 x 12 x .5236—904.7808. 


2. If the mean diameter of the earth is 7918.7 miles, what 
is its solidity in cubic miles ? 
8 
Ans. (7918.7) x .5236—259,992,792,082.6374908 cub. m. 
8. The top of a steeple is terminated by a spherical ball the 
diameter of which is 23 feet, ; what is its solidity ? 

Ans. 23 x23—7=7.1111111, 7 x 23=—18.6666666, 23 x & or 
2.6666666 + 9—2962962,18.6666666 »x .2962962— 18.9629629 — (28), 
and 18.9629629 x .5236—9.9290074 cubic feet. 

4. What is the solid content of a cannon ball having a diameter 
of 10 inches ? , 

Ans. 10 —1000, and 1000 x .5236—523.6 cubic inches. 

5. How many cubic inches of gunpowder to fill a shell the in- 
terior diameter of which is 12. inches ? 

Ans. 12 x 12 x .7854 x 4 or 12 x 3.1416 = 452.3901=naren of the 
sphere and that area x 4 radius or 3 diam., that is, by 2 = 904.6808 
cubic inches. 
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6. How many cubic feet of air may be contained in a buoy of a 
1erical torm with an int. diameter of 10 feet ? 
Ans. 523.6 cubic feet. 
7. A stone ball is 3 feet diameter ; whut is its weight at 150 


inds per cubic foot ? 
Ans. 3 x 3 x 3 x .5286 x 150 = 2120.58 pounds. 


8. How many gallons of liquor (231 cubic inches per gallon) may 
contained in a hemispherical boiler 10 feet diameter # 

Ans. The content of the vessel in eubic feet = 10° x .5296-+-2=— 
8, the number of gallons per eubic foot=1728 eubic inches-+-231 
"4805195, ay 74, and 261.8 x 74= 19633 gallons, or more correctly 
8x 748=1958.26 gallons. 

9. A hemispherical vault ofthe uniform thickness of one foot, 
aaures 10 feet interior diameter ; how many bricks have been re- 
red to built it, at 20 bricks per cubic foot ? 

Ans. It is plain that the required solidity is equal to the differ- 
& of the solidities of the exterior and interior hemispheres ; but, the 
erior hemisphere=12° x .5296+2 = 452.39 cubic feet, the interior 
nisphere = 10° x .5236 + 2 = 261.8 eubic feet, the difference of these 
dities is 190.59 eubic feet and 190.6 x 203812 bricks. 

10. The thickness of a bomb is 5 inches and its exterior cireum- 
ice 62.83 inches ; what is its weight, at480 pounds per eubic foot ? 

Ans. We haÿe for the exterior diameter ofthe bomb 62.833 
6=20 inches ; therefore the diam. of the hollowed part is 10 
res ; now the solidity of the bomb is the difference of the solidi- 
of the exterior and interior spheres. The sol. of the exterior 
ere= 20" x .5236 — 41888, the int. sol.= 10° x .5236—503.6, the 
erence of these solidities is 3665.2 cubic inches ; now, L cubio 
: or 1728 cubic inches : 480 pounds weight :: 3655.2 cubic inches : 
3 pounds weight. 


PROBLEM XXXIV. 


determine the convex area ofa spherical segment 
or of any spherical zone 


(Se the tableau.) 


450) RULE I. Multiply (1078 G.j the height 00, OO ofthe 


1 The spherical sogment is auy part aeb9, of tbe sphere, out of from the whole 
re by a plane of section aeb, # emall cirole of the sphere. 

The spherical sone is any part acb-AEB of the sphere comprised between two pa 
Lplanes ab— AB. It is, as the caso may be, lateral, central, exoentrio 
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-of the sone by the circumference of 
roduct will be the required area. 


ær of the sphere 
y be found by 
40 G.) by di- 
radius of the 
the height, to 
the diameter ; 
md+the given 
red diameter of 


a sphere being 
‘he convex area 
of which is 9 decimetres ? 


cire. 131.9472 which x 9— 1187.5248 





the base of the roof of a lantern 
nt, is 10feet, the height of the raofi 
of lead or other metal would be 1 


5+ 4 = diam. of the sphere—29, 29 x 
1=4364.4256 square foct. 


a of the lid of a boiler in the form of 
‘rence of which is 91.1 inches and ht 


29=—diam. of the lid the radius of * 
3 to obtain the diam. of the sphere « 
we have Q4.5)+ 10=21.025=the rer 
height of the lid forms a part ; there 
-10=31.025, this diam. x 3.1416={ 
this latter x 10 gives 974.6814 for 
uare inches. 


ome, asegment of which has been tak 
antern which crowns it, presents 
nerical zone or of a spherical segme: 
d to determine its convex ares, ite 
ieter ofthe sphere of which it form 


irc. 62.88 and 62.82 x 9 = 665.488 
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(151) RENI. Ifthe radius or diam. of the sphere 
» forms a part is not known and that the ouly data 
diameters of the inf. and sup. bases ofthe segme 
ghtor perpendicular distance which separates them 
‘4 G.) may furnish the method of arriving at the 
3; but one may attain it quite as well and in a more 
iner and accurately enough in practice by a simple gra 
ch would allow of to determining at once the reqt 
diam. of the sphere, with the same scale made use 
paper the relative proportions and positions of ti 
tre of the circle being then easily found by repeated t 
pendicular (prolonged if necessary) which unites tb 
two given chords. 

5. The diameters of the inf. and sup. bases of & roof 
he segment ofa sphere measure respectively 16 am 

the height 2? metres; what is the area of the zone 
ral or convex surface of the roof ? 

Ans. We obtain (574 G.) either by calculat: 
struction the diameter 20 of the sphere of which t 
as part. This diam. gives for circumference 62.832, 
eight of the roof, gives for its convex area 135.664 aqt 

6. What is the convex area ofa segment213 inches hi 
a a sphere 6 feet diam ? 

Ans. 4840.577 squa 

7. If the diameter of the earth considered as a perfe 
D miles, the height of the frigid zone must be 252.36 
itis its areaf 

Ans. 7970 x 3.1416 x 252.36128,761=—6,318,761 square 

8. What is the ares of one of the 10 component secti 
tments of à vault or dome in the form of a spherical € 
æior diameter of the segment or of its base being 40 
ght 10 feet ? 

Ans. The remainder of the diameter of the sphere : 
ght10ofthe segment forms a partis (SSDG.) (440) -:-10 
ire diameter consequently —40 + 10 = 50, the cireumfe 
16 = 157.08 and the entire area of the segment= 
ght 10 = 1570.8 ; therefore the area of the propose 
0.8+ 10= 157.08 square feet. 

(152) RULE HI. Divide the surface to be comput: 


equal breadth, and proced afterwards in the man 
6T.). 
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Ex. 1. Theinfer. circumferenceofa spherical zone, or which appears 
to be one, measures 260 feet, its sup. circumference 213 feet, and two 
intermediate circumferences equidistant 250 and 234 feet, the length 
of the generating arc is 15 feet, and the developed brendth of one of 
the three component zones is cousequently 5 feet ; what is the area 
of the entire zone ? 


Ans. 4260 + 250 + 231 + 3213— 720.5, this sum x 5 = 3602.5 square 
inches nearly. 


2. The vault or arched ceiling of a circular room in the form 
of a spherical segment has for its inf. diam. 186 decimetres, and for 
the intermediate diam. of five component zones 154, 119, 82 and 42 
decimetres, the length of the generating curve, that is, the curvili- 
neal distance from the centre of the vault to its spring is 103 deci- 
metres 28 millimetres ; what is its concave area ? 


Ans. 103.28 decimetres + 5=20.656 = breadth of one of the com- 
ponent zones, + inf. diam. = 186 --2=93, 93 + 154 + 119 + 82 + 42 = 490, 
490 x 3.1416 = 1539.381 sum of the circumferences to enter into the 
computatiou, now, 1539.381 x 20.656 = 31,797.5 square decimetres 
or 317 square metres 971 square decemetres, since the square metre 
is 10 x 10 — 100 square decimetres and that by putting the decimal 
point 2 places back we divide by 100. 


PROBLEM XXXV. 


To determine the solidity of a spherical segment 
or ofany spherical zone.—(See the mogiels of the tableau.) 


(453) REM. 1. The spherical segment aebC or aebD 
(See the figure of the paragraph (456) may be smaller or greater than 
a hemisphere or equal to a hemisphere if the plane of section passes 
through the centre O ofthe sphere. In every case the general formula 
gives its accurate solidity. In the same way, the spherical zone may 
be lateral, central or excentric. We will call it lateral whenit is the 
zone of a heimisphere like the one which in the figure is comprised 
between the planes of section, parallel circles AEB, a e b. It may 
be central if its planes of section, opposite or limiting bases, are equi- 
distant from the ceutre O of the sphere, and excentric, if these bases 


are unequally distant from the centre. 
13 
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(154) REM. LE. To obtain in the spherical 
ter of the central or half-way section, it suff 
#9 G.) that the half-chord ao (see the figure of 
mean proportional between the versed-sine « 
ment and the remainder o D of the diamete 
B-C any segment of a sphere, and a e b its half. 
such that we may obtain Oo=oC=30C ; then 
: solid, is known, we will obtain oC—30C and x 
= ab=vo Cxo D. Let again a e b D the segmer 
L AEB its hulf-way section passing through 
y between o and D. Knowing o D and consequ 
will obtain OB or OA = 4AB = VOD x OC, or by n 
: required dinmeter ofthe body to be comput 

(155) REM. HIT. To obtain in 
:8pherical zone ABDC, for instance, 
: diam. of its intermediate section ; 
will at fret find, ifit is not alrendy 
>wn, the radius OB or OF of the 
1ere of which the zone to be com- 
ed forms à part. To this effect 
T4 G.)the plane figure ABCD being 

vertical section of the spherical 
ment in question, we will obtain 
=CE x ED+AE, then AF + AE or GH + EF 
B*+AF3. The radius OB being now known= 
1 0G = 0B2—BG? or OH=YOUU:CHE, or after 
JH we will obtain OH=GH—0G or OG=GH 
pose the line GH prolouged on both sides to tlu 
, we will obtain G$,=0B—0G and HY=OB. 
will easily obtain, as in REM. KE, the intermi 
y between AB and CD. 

456) RULE 1. Multiply (1088 G.) 
half-sum of the areas of the parallel 
es by the height of the segment ; add 
ie product the solidity of a sphere the 
meter of which is equal to the height 
the segment : the sum of these two soli- 
2es toilll be the required volume. à 


REM. Won the segment has but 
» single base, the other is considered 





RULE UL.{7o the sum of the areas 
‘ho inf. and eup. Vases of the segment, add 4 ti 
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‘ose bases, and multiply the twhole 
ie result will be the required solidity (A: 
solidity of a segment forming pa 
ich is 40, the respective distances fr 
es of section being 16 and 104 


determine the arens of the paralle 
t, the diameters of these bases are } 
the sphere, distant from the centre 
the other by 10 units of measure, t 
f the great circle perpendicular t 
vfone of them, 16+20=36 and 40- 
and 20—10=—10 ; now we have (5 
fone of the half-chords and 30 x 10: 
alf-chord ; these squares multiplie 
once by 3.416, give 452.8004 and 
the parallel bases. The sum ofthes 
the half-height (16—10) of the segn 
18X6=4184.6112=part of the requi 
the required solidity = 6°x .5236=1 
xight of which is 6. These two & 
the solidity of the proposed segmen 





le by Rule II gives for aren h 
8 33 x 7=231=the square of the ra 
section, this square x 4 gives the sc 
r section, and this last square x .78i 
# this area=2902.8384 to which adé 
“ses we obtain 4297.7088 for the r 
and multiplyiug by 1 does not al 
L 

feet of liquor may a hemispherical 
? 

34. T.) that in the hemisphere t 
tion equidistant from the base an 
the 3 of the aren of the base or of 
x, we have for area of the sup. bast 
.54 square feet ; but 4 times ? =3a1 
mes 78.54—314.16 and 314.16xx l 
c feet. 

e case ofthe hemisphere, as in th 
ot offer any advantage, and on tl 
k, since it is more simplo to arriv 
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ired result, to cube at once th diameter, multiply 
5 and take half the product for the svlidity of 
e. 

4. How many gallons of water may find room in : 
form of a spherieal segment with a 100 feet diamete 
», at 74 gallons per cubie foot ? 


Ans. By the first rule, we obtain the required vol 
» ofthe segment (that is, the sup. area ofthe re 
ht (vertical depth of the reservoir)--2, plus the vo 
ng for its diameter such height ; that is, the rer 
x 100 x .7854 x 20 +2 — 78540) + (20 x 20 x 20 « .523 
28.8 cubic feet x 7.5—620,466 gallons. 


Ans. By the second rule, we have first (540 G 
ader of the diam. of the sphere or of the grent ci 
height ofthe reservoir forms à part (4100) -20= 
f-distance from the surface to the bottom 135,13 
ctangle of the segments of the diam. — square 
a. of the intermediate section, this square x 3.14 
.interm. section, 4 times this «ren +the area of tl 
uent=24.818.64, this sum x 20--6=82,728.8 eubic fi 


(58) REM. The choice to be made between the 
solution of this problem will sometimes depend « 
he data, but especially on the doubt that might e 
äieular kind of the figure to be computed, and: tl 
aula will dispense with the necessity of enquiring fit 

exact naturé of the proposed solid. Thus, if the 
mensured werethe segment of a spheroid, hyperl 
:r figure resembling nenrly those just enumer 
id in any rase give its aceurate solidity (K27 'F.), o 
le if we treated as part of n sphere proper a 

e not such and calculated it by the rule applicable 
might be deeply mistaken in the result. 

5. A basin the form of which seems to be that of 
at, has for its sup. dinm .15 inches, for half- way din 

for depth or height 7 inches ; what is its capacity 

eubic inches ? 

Ans. Sup. area=15 x 15 x .7854—176.715 square 
liate aren=12 x 12 x .7854=113.0976, arex base + 4 
1=6291054, this sum «7 - 734 cubic inches n 
by 231 we obtain 3.18 or 3! gallons nearly for the e 
posed vessel. 
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ra of the ungula 282} square inches. The 
hird the rndius=232.744 x 15-+3—282.744 
=2827.44+2— 1413} eubic inches or 1413.72 
inches in a eubic foot)=.82 nearly of a eubio 
a cubic foot. 








ber of toises (87 cnbic english feet per toise) 
8 compartments of a hemi-spherieal vault 
ris 30 feet and the thickness of the vaalt 


38) that we will obtain the required soli- 
mce of the component semi-uugulae of the 
üspheres of the proposed vault. Now, the 
the solidity of the sphere=30" x .52%6= 
sphere=36 x .5236=24429, the differenco 
? these solidities divided by the number 
i-ungulne oftthe entire sphere, gives for the 
ient 6434 eubic feet, dividing this latter 
rises 344 cubic feet. 
; by multiplying the half-sum of the ext, 
partment by the thickness of the vault; 
t. sphere 30 x 30 x .7854 x 4 or 30” x 3.1416 
if 1413.72 is theinterior area of the entire 
sphere=36 “x 3.1416—4071.5136 of which 
exterior aren of the entire vault, the sum 
-8 is the sum of the ext. and int. areas of 
be measured, aud this lutter sum 431.1846 x 
vault) or half that sum multiplied by the 
ault, gives for the cubicl content of the 
‘et, or 7 toises 377 cubic feet. 
y “approximately,” aud in fact, the solid 
{but the frustum of a spherieal pyramid, 
el bases. The spherical pyramid, like the 
x its solidity (1082 G.) the third of the 
height ; but, were it true that one could 
frustum of & pyramid by multiplying the 
es by the height of the frustum, it would 
Id eorrectly obtain the solidity of the entire 
product ofits base by its height ; for if it 
itof the frastnm increases indefinitely, this 
e equal to that of the entire pyramid, and 
ae fact ceuse to exist or become equal to 0 ; 


| 
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(63) REM ET. Let us say also, respecting the spherical cons 
that ifit were required to cube any frustum of a spherical cone com- 
prised between parallel bases, such as the section of a shell for 
instance or the vault of a cireular room of uniform depth, we 
would arrive at it, as in the case of the frustum of an ordinary cone 
by adding to the sum of the convex aud coucave areas of its paral- 
lel bases 4 times the area of a section parallel to the bases and half- 
way between them, and afterwards multiplying the whole by the 
aixth part of the height of the frustum ; or by computing the respective 
solidities of the component spherical cones, then to take their dif- 
ference. 


(1614) RULE. After having established by the method of pro- 
blem 34 the area of the base of the sector , we must multiply (K077 G.) 
that area by one third of the radius to get the required solidity. 


Ex. 1. The height of the segment, forming (975 6G.) the base 
of a spherical sector, is 14 metres, and the radius of the sphere of 
which the sector forms a part is 5 metres ; what is the solidity of 
the sector ? 


Ans. The area of the base=circ. of a great circle x the height 
of the segment, the circ.=diam. 10 x 3.1416 = 31.416 x 1.5—47.124 
square metres, this area x } radius or by 5--3—78.54 cubic metres. 


2. What is the solidity of a buoy having the form of a spherical 
sector, the length of the side being 10 feet and the diameter of the 
base 5 feet ? 


Ans. Withthese data we obtain first the height of the segment = 


10—V10 —2.5 —10—9.6825=.3175 of a foot, the cire.—diam. 20 x 
3.1416—62.832 which x .3175 —19.94916 square feet =area of the con- 
vex base, this latter x 10-+3—66.497 cubic feet. 


8. A circular tower of which the int. diam. is 30 feet, has for its 
cut stone vault the frustum of à sector with parallel bases, the thick- 
ness of which is 5 feet, the height of the cap of the vault is 10 feet ; 
what is the concave area and the solid content of the vault ? 


Ans. The solidity of the frustum is (1088 G.) equal to the 
difference of the component entire and partial sectors=ext. area or 
of the extrados x & R, less the int. area or of the intrados x4 r where 
R. aud r are the respective radii of the ext. and int. spheres of which 
the sectors of the same name form a part ; now, we first obtain 
(540 G.) for the remaiuder ofthe diameter of the great circle of 

14 
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thus, as already stated, that with a very small thickness relatively 
to the radius, we obtain very nearly the solidity of the frustum of a 
spherical sector, by multiplying its height by the half-sum of its pa- 
rallel bases. However, with regard to the amount of work entailed 
by the two modes of calculation, the second method offers no advan- 
tage over the tirst which it is therefore better to employ in all cases. 


RE KIT. We may also in practice (and this is what is some- 
times done) when the thickness of n vault is uniform and its radius 
of curvature relatively great, simplify the operation and arrive at 
a suflicientlÿy approximate result by multiplying at once the 
int. or ext. area of the vault by its thickness. In the last example 
this manner of proceeding gives, by using the area of the intrados of 
the brick lining, 6283.22 x 8 inches or by the ? of a foot = 4188.8 cubic 
feet x 20—83776, this result is deficient by 1122 bricks or 1t per 
cent. If on the contrary we take the ext. area 6452 x £ we have 4301 
cubic feet, or 86,020 bricks, result which is in excess of the truth by 
1122 bricks or 1t per cent as before. 


PROBLEM XXXVIII. 


To find the area of a spherical triangle 


(See the tableau.) 


(165) RULE I. Compute first the area of the sphere of which the 
triangle forms a part, and divide the area by 8 to obtain (1198 G.) 
that of the tri-rectangular triangle. 


Compute afterwards (1200 G.) the sum of the three angles, from it 
subtract 180° and divide the remainder by90° ; multiply then the quo- 
tient by the tri-rectangular triangle and the result will be the required 
area. 


RULE EI. Multiply, as for the triangle with a plane surface, the 


developed length of the base by the developed height perpendicular to 
that base ; the result will be the area nearly of the proposed triangle. 





1. We will find among the models ofthe tableau, pyramids and frusta of spheri- 
cal pyramids the bases of which present the acute-angled, right-angled and obtuse- 
angiod spherical triangle, including the tri-roctangular spherical triangle in question. 
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aphere 31446 divided by 16 giving as before 19634 for the convex area 
ofthe proposed ungula) and indicates the manner of proceeding in any 
otber anvlogous case. 

4. The sum of the three angles of a triangle traced on the sur- 
face of the terrestial sphere, exceeds (1416 G.) by one second (1’’) 
180°, what is its area, supposing the earth to be a perfect sphere with 
à diameter of 7912 english miles ? 


Ans. The area of the earth=-(7912) x 3.1416-—196,663,355.75, 
dividing by 8, we obtain for the area of the tri-rect. triangle 21.582, 
929.47 square miles ; now 1”--90°=-1/-324,000 (number of seconds 
in 90°=-90° x 60 x 60”’) = 331557 — “000003086142 nearly and the area 
of the tri-rectangular triangle 24,582, 919.47 x .00000:308642 or, which 
is the sgme thing, divided by its converse 324000 gives 75.871 for 
the area of the proposed triangle in square miles, 


(166) REM. K. It is plain from the rule that the area of every 
spherical triangle of the same radius, that is, of every triangle traced 
on the same sphere has a direct relation to the excess ofthe sum of its 
three angles on 180°. For instance, if the spherical excess were 
10 seconds instead of one, the area of the triangle would be 758.7:321 
square miles instead of 75.871 ; in the same way if the excess of 
the three angles on 180° was but of one tenth of a second, the area of 
the triangle to be computed would be but one tenth of what it is 
for one second, viz : 7.587321. An excess of one minute would give 
for the area of the triangle to be computed anumber of miles 60 times 
greater than that given by a second, that is, the 5400th part of the 
tri-rect. trinngle, since 324000 - 60= 5400 or that 90° x 60= 5100 ; 80 
1° would give the 90th part of the tri-rect. triangle and 80 on ; 
whence it evidently follows that in every geodesical survey of 
part of the terrestrial sphere, it will suffice, after having established 
the area corresponding for instance to a second, or to oue 10th, 
100th 1000th, &e., of a second, to multiply this area by the number 
of seconds or tenths of a second, &c., in the excess of the sum of the 
three angles of any triangle on 180°, to obtain at once the area of 
such triangle, and we have seen (14135 3° G.) the manner of estab- 
bsbing if required such spherical excess. 


REDMI. EX. It is plain that if the spherical triangle ACP, for in 
stance, is the tri-rectangular triangle orthe 8th part of the sphere and 
it be divided into any number of equal parts, that is, of isosceles 
spherical triangles equal to each other, ACE, ECE, &e., all the 
angles at C will be equal to each other and the arcs AE, EE also 
equal to each other ; the areas of all these triangles will conse- 
quently be equal. Let then the angle ACE at the apex or 
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angles on 1809 per 2115 square feet, or each thousandth of a second by 
2115,223 square feet or by .07587321 square miles, or each 01” (hun- 
dredth of a second) by .7587321 square miles, or each .l’’ (tenth of a 
second) by 7.537321 square miles or each 1.” (second) by 75.87321 
square miles, reducing to that effect the degrees (°) and minutes (‘) in 
the given ercess of the sum of the three angles of such spherical triangle 
over 2 right angles, into seconds, an@ multiply afterwards these seconds 
by 75.873321 and the fractions ofseconds as lus just been said. 

And Conversely, to determine the spherical excess of the sum 
of the three angles of any spherical triangle on ? right angles, we may 
divide the area previously obtained in an approrimate manner (by 
considering (165, R. ®,) the lengths of the arcs constituting its sides as 
those of the sides of a rectilineal triangle) by 2215 square ect to ob- 
tain the number of millionths of a second (000,001”’) contained in such 
excess, or by 2.115,223 square feet or .07587321 square miles lo ob- 
tain the number of thousandths of a second (.001”’) contained in said 
excess, by .7587321 square miles for the hundredths of a second (01'’), 
by 7.587321 square miles for the tenths of a second (.L”), finally by 
75.587321 square miles for the seconds (L’’) and the seconds if required 
reduced into minutes by dividing by 60, and the minutes into degrees by 
dividing by 60, willstill give the spherical excess required. 

REM. XII. The spherical triangle ACE ou which we have ar- 
gned is, as stated bi-rectangalar at À and E, that is, the angles at A 
and Eare, and evidently are, right ; whence it follows that the anglo 
atCatthe apex or at the poleis the spherical excess or the quantity by 
which the 3 angles exceed 2 right angles and in the same way as this 
spherical excess furnishes the area in the case of the bi-rectangular 
isosceles triangle, (1200 &.) 50 does that excess afford the means of 
arriving at the required area, or the area at the required excess in 
any other spherical triangle. 


PROBLEM XXXIX. 


To determine the area of a spherical polygon. 
(See the tableau.) 


(169%) RULE. Find as in the last problem D 
the area of thetri-rectangular triañgle (1201 G.)- 
From the sum of all the angles of the polygon 
subtract asmany times ? right angles as there are v 
sides less two. Divide the remainder by 90° and ‘% 
multiply the tri-rect. triangle bythe quotient thus 
obtained : the product will be the required area. B 
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lidity, the radins being 15 inches and the ar 
çon constituting its base 100 inches ? 

An. 5 
There is to be made a vault or part ofa vi 
of the intrados is 30 feet, the depth of the vs 
at of an irregular polygon of which the int. 
00 square feet ; what is its solidity ? 
s. The solid to be computed is the frustni 
L'with parallel bases ; this solidity is equal : 
ce oftle solidities of the component entit 
lint. pyramids, We will then obtain for the 
ression (ext. area x 4 R)—(int. area x } ») ; v 
he ext. area which must enter into the caleule 
effect we obtain (1074, 2° G.) 90°: 33°: 1 
rados ; now, (121 x 11)— (100 x 10) = 1331— 
ansonry. 
What is the weight of the fragment of a & 
re int. diam is 10 inches, the thickness 5 
ext. or concave and convex areas 60 and 240: 
f section of the fragment being directed to 
here of which the solid to be measured fo 
ht of the cast-iron being 480 pounds to the 
8. (240 x 10-<-3) — (60 x 5-3) =3800 — 10071 
e foot=12 x 12 x 19=1728 eubie inches, w 
red weight by making 1728 : 480 :: 700 : 19. 
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PROBLEM XLIII. 


Being given the side of one of the five regular polyhe- 
drons, to find the diameter of a sphere that may 
be inscribed in the polyhedron, circum- 
scribed about the polyhedron or 
equal to it in solidity. 
(See the 5 regular polyhedrons of the tableau.) 

(173) HRULE. Jake the following proportion: As the respective 
number of the above table, under the title ‘‘inscribed,” ‘© circumscribed,” 
‘equal, is to 1, so is the side of the given polyhedron to the diameter of 
the inscribed, circumscribed or equal sphere, as the case may be. 

In other words : as the side of the inscribed, cireumscribed or equal 
polyhedron (as the case may be) of the table, is to the diameter 1 of 
its inscribed, circumscribed or equal sphere, 50 is the side ofthe given 
polrhedron to the diameter of its inscribed, cireumscribed or equal 
sphere. 

Ex. 1. The side of an icosahedron is 2.62865, it is required to 
reduce it to a sphere of the greatest possible diameter, what will 
its diameter be ? 

Ans. .6615845 : 1 :: 2.622856 : 3.973, nearly the required solidity, 
The area of the given icosahedron is (28 T.) 2.622865 x 2.622865 x 
130127 x 20— 59.812355, this area x 397326 (that is hy the sixth 
part of the diameter or the third ofthe radius of the inscribed sphere) 
gives for the solidity of the icosahedron 39.6259 cubic feet or 39.626, 
as in example 2? of the preceding problem, each of the two results 
being in this way a verification of the aceuracy of the other and at 
same time a proof of the accuracy of the factors of the table. 

2. Required the diameter of a cannon ball that can° be obtained 
by recasting a mass of iron under the form of an octahedron 12 
inches side ? . 

Ans, 1.03563 : 1 :: 12 : 11.538715, that is, the diam. of the ball 
will be 11.6 inches nearly. 


PROBLEM XLIV. 
To find the solidity of any spheroid. 
(See on the tableau, the flattencd,elongated and 3 axed spheroids.) 
(174). RULE LI. Haudtiply the fived aris Ly the square of the re- 
volrving axis (or by the rectangle or product of the two ares of revolution, as 


the case may be) and the product by .5236 : the result will be the required 
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In the second place, The section AB of the same spheroid is 
an ellipsis equal in everything to the ellipsis ACBD andits area is 
(57 T.)=AB x CD x.7854 ; if the second rule be correct, we will then 
obtain AB x CD x .7854 x 4 x E CD=AB x CD x CD x .5236 ; and in 
fact by eliminating the factors AB, CD and CD common to the two 
expressions, there still remains .7854 x 4 x }=.5236 ; therefore, &c. 


Inthe third place, it is to be demonstrated that 4 area section 
GH x } EP isstill equal to CD x AB x .5236 ; now, the ‘“* conics ” show 
that whatever may be the axes or conjugate ! diameters GH, EF made 
use of, the parallelograms circumscribed to the ellipsis and of which 
the sides are parallel to these conjugate axes, are all equal in area to 
the rectangle AB x CD ; but (8, T,) the area of the parallellogram 
having for its sides GH, EF is GH x ÆF x nat. sin, augle EOC or EFP 
=GH x EP. The area of the section GH=—(for any section of a sphe- 
roid is an ellipsis) GH x CD x .7854 and we have just seen that GH 
xEP= AB x CD ; therefore GH x CD x .7854 x 4 x } EP = AB x CD x 
CD x .5236, CD being common to both formulas, AB x CD = GH x 
EP and .7854 x 4 x 1=.5236 ; therefore, &c. 


REP. In the case of the flattened spheroïid generated by the 
revolution of the semi-ellipsis DAC round the axis CD, the proof is 
analogous to the one just given. | 

Ex. 1. What is the solidity of an ellipsoid of which theaxis of re- 
volution is 60, and the fixed axis 80 ? 

Ans. 60 x 60= 3600,3600 x 80 = 288000,288000 x .5236 — 150796.8 
units of solidity. 

2. With the same data, what will be the solidity of the flattened 
spheroid ? Ans. 80 x 80—6400,6400 x 60=—384000,384000 x .5236 = 
201062.4 units of solidity. 

8. A prolate spheroid has for its axis 100 and 200; what is its 80- 
Lidity ? 

Ans. 100 x 200 x .5236— 1,047,200 = the required solidity. Now 
let EF in this example any diameter=166, we will obtain its conju- 
gate GH =VAB*+CD2—EF: (for it is demonstrated in ‘‘ conics ” 
that the sum of the squares of any pair of conjugate diameters is 
equal to the sum of the squares of the major and minor axes) »= 
149.8132, 4 area GH=GH x CD x.7854 x 4=47065.3212. Since AB. 
CD=EF.GH x nat. sin, EOG, we obtain nat. sin. EOG=AB.CD+EF. 
GH=20000 -- 24869=—.8012141=53° 32”,and.8042141 x 166— EP = 133. 


ee 


1 The diam. GH, conjagate of EF, is the one parallel to the tangent PF to the 
ellipais at the point F, where the diameter EF moets the curve. 
16 
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PROBLEM XLVTIII. 


To determine the solidity of any frustum ABEF 'ofa 
right paraboloid ABC, with non parallel bases. 


(See the tableau.) 


GS) RULE. Get, by the last problem, the respective solidities 
of the entire paraboloid ABC of which the frustum forms part, and of 
the partial paraboloid or segment EFG wanting in the given frustum to 
complete the entire paraboloid : the difference of these solidities will be 
the required solidity. 

Let ABEF (figure of the last problem) a section ofthe given 
frustum by a plane perpendicular to the centre D ofits base ; take on 
the axis Dd of the section any length Dd, measure DB, db and since 
(179, T.) we have CD : Cd :: DB db; make (96, div. @.) CD—od : od :: 
DB —db : db , or which is the same thing DB —db : db # Dd: dc, 
which will give for the height of the generating parabola dD + dC » 
DC. Now, through the middle poiut H of EF, draw HG parallel to 
DC (forin the parabola the centre is infinitely distant and any diame- 
ter GH, that is any bisectrix GH of the chords or parallel double 
ordinates EF, ef, ro, is consequently parallel to the axis CD), mea- 


sure any Hr, HE and ro and make, as before, re—HE:HE : Hr: HG ; 
with HG and the angle GH p or GHE, we easily find (175 %.) the 
perpendicular height Gp ofthe segment FGE, to compute afterwards 
the respective solidities of the entire and partial conoids and their 
difference, which will resolve the problem. 


(182) REM. ÎÏf the frustam to be measured ABEF (See 
figure to problem L and suppose it to be the frustum of a parabo- 
loid) is that of an oblique paraboloïd ; draw from A to F any 
Straight line Bb parallel to FE, bisect in h’, H’ these double ordi- 
nates and draw Gh’ H’ which will pass through the apex G of the 
sgmeut F'EG’ ; draw afterwards Ee parallel to AB, bisect these pa- 


mc 


Wo may also obtain as for the ungula of the prism, 
pyramid, cone or cylinder, the solidity very nearly of 
the uogula ABC-D, ABC-D’, AUD’-D of a right or in. 
tlined parabulic-eonoïd, and that, absolutely in the 
fsme manner as for those various solids. (See pro- 
blem XXXI, &o.) 
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PROBLEM XLI 
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axis by the straight line HA produced will determine the required 
centre. Now, by the nature of the hyperbola, we demonstrate in 


“ çonics” that 200.CD + CD’: 2 OC.Cd+ Cd +: DB : 48 , or that 


20G.GH + GH : 20G.Gh + Gh : HE : he ; this is then the manner to 
obtain the intermediate diam. ab or ef by taking Cd=dD or Gh=h 
H’ as the case may be. 


Ex. £. The height CD of a right hyperboloid ABC is 10 inches, 
and AD the radius of its base is 12 inches, the intermediate diame- 
ter ab is 15. 8745 inches ; what is its solidity ? 

Ans. (24° +4 fois 15. 8745 ) x 10-:6—2073.454691 cubic inches. 

2. À vessel which seems to be a right hyperbolic conoid, has 
for its height or depth 50 inches, for sup. diam. 104 inches and for 
intermediate diam. 68 inches : what is its capacity in wine gallons. 

Ans. 104” * .7854=8194.8864= area of the superior base, 4 times 
68"x 7851—68" x 3.1416 = 14596. 7584, the sum of these areas is 23021. 
6448, this sum x } 50 or, which is the same thing x 50 and the pro- 
duct-:6— 191847.04 cubic inches, - 231=8304 gallons. 

8. How many cubic metres of space are there under a vault 
which appears to be hyperbolic and the height of which is 15 metres, 
the diameter of the base 32 metres and the intermediate diam. 20 
metres À 

Ans. 5152.24 cubic metres. 

4, À boïler in the form of a hyperboloiïd, contains a quan- 
äty of liquor ; it is asked how many more gallons would be re- 
quired to fill it, the part of the vessel to be filled having conse- 
quently the form of the frustum of a hyperboloid with parallel 
bases ; the diameters of these bases are 24 and 32 inches, the inter. 
diam. 28.1708 and the height of the frustum 20 inches ? 

Ans. (2{+ 3° +4 times 28.1708 ) x .7854 x 20-+6—124994 cubic 
inches or 54.108 gallons, or 7.2334 cubic feet. 

5. One of the component parts of a cul-de-lampe or other object 
to be measured, presents the appearance of the frustum of a hyper- 
boloid of which the height is 12 inches, the smaller diam. 6 inches 
the greater diam. 10 inches and the interm. diam. 8 inches : wat is 
its solidity ? 

Ans. 667.59 cubic inches. 

(84) REM. For the oblique hyperboloid or the segment of a 
right hyperboloid by a plane not perpendicular to the axis, the ‘‘ cal- 
culus” shows how to obtain the solidity by making the following 
proportion : GH +2GO :: 4 GH+2G0 :: & cylindroid of the same 
base and height : required solidity. 
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n ; thus we will obtain immediately 
»y the method of par. (5140 @.) 
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and consequently the other segment=? CO—CK—60 —12 = 48, to find 


ne 2 Se ee nnn ed 


BIN being the smaller or the greater diam of the ellipsis, according as 
the rectangle of the segments is greater or smaller than the square 
of the ordinate or perpendicular KB. 


To obtain ef, we will first make the proportion MN : 2CO or 
(which is the same thing) MO : Co :: /Mg.qN : qe or 50 : 30 :: /20 x 20 : 
eq—=?24 and as ng—KO=CO—CK=3—12=18, we will obtain en— 
24—18=6 and diam ef—2en—12 ; we willequally find cs—29.39412, 
ce—ms—1139412=—cm and 2? cm—diam. cd=272.78824. If EF were not 
given it could be equally determined. 





Diam. EF18.9909Â — 360.6558 Diam. EF 18.909091 — 360.6558 
2 2 
4 Diam. cd 22.78824 —2077.2155 4 Diam. ef. 12.00000 — 576.0000 


Diam. CD 21.00000 = 576.0000 _ 
Sum=9:36.6558 


Sam =3013.8713 x 7834 

x 1854 ————— 

———— Product=735.619156 

Product =2367.0935 X 40 

x 40 — 

——— + 6)29425.9736 

+ 6) 946R83.71 Quotieut=41901.32976 

Quotient=15730.62 =9 vol. EFA 
=% vol. ECDF 


sol. 2 FC —=15780.62 
sol. 2? EFA= 4901.33 


sol. AB = 20634.95 


The sum 20,681.85 of these solidities is that of the proposed 
spindle and differs but by 57 units in excess, or the fourth part of 1 per 
cent, from the accurate sol. 20623.314 of which the calculation by ordi- 
nary rules requires as much more labour, and offers in conse- 
quence of the diversity ofthe operations to be performed (as de- 
tailed in an enuuciation of 15 lines of text) many more chances of 
error, as of course it is always the case, more or less, when the 
process to be followed is not so simple and direct that we may 
easily account, by following the details of the calculation, for each 
of them. This is the enunciation in question. 

1° From three times the square of the diameier at the centre (CD) 
subtract four times the square of the diameter (EF) betieen the middle 
and the end ; also, from four times this last diameter, subtract three 
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then find in this manner Cqg=17-+4=4.95, Cr 4.25-4 or 17-+-16= 
10625, Cp = 5% 17 = ++ ,% = 8.5 + 1.0625—9.5625, from which we obtain 
diam. ef —2pK=14.875, EF—=2Kg=25.5, cd = ? Kr=31.875 ; now sol. 
AEF=(area EF +4 area ef) x 4 AL=(EF + 4ef) x .7854 x} AL=— 
55 +4 times 14.875") X .7854 x 23 or at once by 5 (since there 
are two conoids or equal segments in the spindle to be cubed) 


6033, { cubic units ; the solidity of the frustum FC—(34 + 4 times 


31.875 +925.5 ) x 7854 x 24 or by 5 to obtain 2FC—23052.7 cubice 
units ; the sum 29085.8 of these solidities is the solidity of the pro- 
posed_ spindle ; it differs from the accurate solidity 29053.4 but by 
% units, that is, 3555 Or .0011, say + of 1 per cent in excess. 


REM. However complicated ordinary rules for the solidity 
ofthe circular and elliptic spindles may be, the rule for the para- 
bolic spindle is on the contrary very simple ; it consists only in mul- 
tiplying the square of the central diameter by the length of the 
spindle and the product again by .418879 (= 3.14159+74) ; but there 
isalways this to be considered that if the spiudle were not properly 
parabolic, this last rule might be pretty far from giving an accurate 
result, whilst with the general rule found here for all the elemen- 
tary solids, we have not first to consider the nature of the solid 
to be measured, except however when we have to determine by cal- 
culation the required intermediate diameters. 


(190) Ex. 4. À spindle ABCD havingthe 0 
appearence of being hyperbolic (that É 
is, generated by the revolution of a hyper- 
bola ACB or ADB, about a cord or double 
ordinate AKB perpendicular to its axis CK 
or KD) and of which the greater diameter CD 
= 7] inches, measures 106 inches in length 
AB, and its intermediate diameters taken at 
3 places m, L, n, equidistant from each other 
and each distance equal to the fourth part 
of the half length AK of the spindle, are respectively f=%. 8, EF= 
49, cd=65.4 : what is its solidity ? 





Ans. (CD +4cd +EF )x.7854x 4 LK and (EF +4 ef)x 7854 
x AL, or which is the same thing, since AL = LXK, sol. = = (CD +4 
cd +2EF + 4 ef )x .7854 x } LK or AL, or by iLK or AL to obtain 
at once he solidity of the entire spindle=—(71 + 4 times 65. ax 
twice 49”+4 times %6. 8” )X.7854 x 53--6—206,914 cubic inches or 
119,743 cubic feet, 
18 
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To find Op or Cp and consequently pK =CK— Cp = en—3 inter. 
diam. ef, we first obtain AK : ep ::20C. CK+ CK':20C. Cp+ Cp”, then, 
as we said (BEM. EX.) (20C.CK + CK'}—{20C.Cp + Cp: )=2Kp-pO + | 
Kp ; now it is plain (339, G.) that 2Kp PO + Kp + p0 —KO ; 


whence, p0 =K0' —2Kp.p0 +Kp ÿ or 20° KO —@OCCK + CR 


—20C.Cp + Cp g and Op=VOp We will then equally obtain go by 
fiudinag first 20C.Cg + Cq ==(20C.CK + CK 5x Eq aad by extracting 
AK: 

afterwards the square root of the difference or remainder KO — (0C. 
CK + CK3—20C.Cg + Cq?), then there will come Or—VK0O:—(20C. 
(CK + CK3-200.Cr + Cr?), and consequently the other necessary 
diameters EF, cd. We have already shown that to find the centre 
©, and consequently OC or OK it suffices to draw and bisect any two 
parallel chords cB, Cb of the generating curve and then unite 
the points of bisection by a straight line the prolongation of which 
will intersect the axis of the curve (produced if necessary} in a point 
which will be the required centre. 


(491) REM. If we have devoted to the study of the spindle 
considerable space, it is not because this solid properly 80 called 
offers itself very often to the valuation of the measurer ; butitis with 
the view of arriving at the consideration of the frastum of a spindle 
which forms the subject of the following problem and which presents 
itself every day under the thousand and one forms of casks, bar- 
rels, tuns, puncheons, quarters, &c., such as are used to contain and 
transport tobacco, sugar, flour, pork, oils, molasses, beer, brandy, 
liquors in general and a thousand other substances capable of adapt- 
ing themselves to the form of such vessels. 


PROBLEM LI. 


To determine the solidity very nearly ofthe cen- 
tral frustum of any spindle, that is of the frustum of a 
spindle of which the opposite and parallel bases EF, 
GH are equidistant from a plane CD parallel to the 
bases and passing perpendicularly through the centre 
O of the axis of the spindle of which the frustum forms 
part. 

(198). RULE To the area of one EF of the equal bases, add 
that of a parallel section OD taken atthe centre of the frustum and 4 times 
the area of an intermediate parallel section cd equidistant from the 








Be 
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centre o and base A, and multiply the whole by } of the height, length 
or depth of the frustum ; the result will be the required eolidity. 

REM. It is hardy necessary to say 
that to obtain by calculation the interme- 
diate diameter cd, we have Cp equal to 
the half-difference between the dinmeters 
CD, EF and that weafterwards find Cq and 
consequently cd==CD—2Cq, in the same 
manner as in the various cases of the last 
problem. If we have to measure the capa- D 
city of a cask we will obtain its interior diameter CD by introducing 
through the bung hole 8 scale ofinches or other equal parts. We will 
obtain the intermediate diam. cZby measuringthe distance ac between 
the cask and a rectilineal rod eg tangent at C, and afterwards make cd 
—CD-—?ac. From the whole length measured outside, the sum of 
the thicknesses of the two ends must then be subtracted, for 

* theinterior length or height to be taken into the caléulation. To obtain 
egtangent at C, it is plain that it will suffice to see that eE—gG 
or Ae—Bg ; finally eg exterior length of the cask is the distance in- 
tercepted on the straight line eg by two other straight lines 
Hg, Fe resting on the parallel bottoms 80 as to meet eg. We could 
also arrive (31, G.) at the required areas of the respective sections 
CD, cd, EF by measuring on the outside of the cask the circumfe- 
rences of those sections from which should be deducted the double 
thickness of the staves multiplied by 3.1416 or by 3}. 

Ex. I. What is the solidity of the central frustum of a cireular 
epindle the length of which is 40 inches, the greater diameter %6, the 
smaller 16, and the intermediate diam. 31.826 inches ? 

Ans. (area CD + 4 area od+ area EF) x 4 40=—(38"+ 4times 31.828+ 
16) x .7854 x 40+6-=29,340 cubio inches, exceeding but by .0028or a 
little more than one fourth of 1 per cent the accurate solidity 29,257.3 
eubic inches—126}4 gallons nearly. 

2. The length of the frustum of a circular spindle is 3 feet 4 
inches, the diameter at the centre 2 feet 8 inches, the extreme 
diameter 2 feet and the intermediate diam. 30.0588 ; what is its 
solidity ? 

Ans. 27,301 cubio inches, to 27,2874 cubio inches the aceurate 
solidity, or an excess of .0005 or 4 of 1 per cent. 

8. Required the capacity of a vessel having the form of the 
frastam of a circular spindle, the length 50 inches, the smaller and 
greater diameters 25 and 35 inches and the interm. diam. 32.574 ? 


Ans. 39,887 cubic inches+1728=-23.083 cubie feet, to 39,782 
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cubic inches or 23.022 cubic feet, say an excess of .0026 or nearly one 
fourth of 1 per cent. 


4. The central zone of a circular spindle measures 3 feet in 
length, the extreme diameters are 2 feet and 16 inches and the cal- 
culated interm. diam. is 22.0722 : what is its solidity ? 


Ans. 13,104 cubic inches or 7.58327 cubic feet, the accurate soli- 
dity according to the general rules being 13.090.4 cubic inches or 
7, 57546 cubic feet, say an error in excess of .00103 or 5 of 1 per 
cent. . 


5. What is the capacity of a hogshead the length of which is 5 
feet, the extreme diameters 50 and 30 inches and the interm. diam. 
45.394 ? 

Ans. 91,439.89 cubic inches, to 91, 302.75 the accurate solidity, 
the difference in excess being .0015 or + of 1 per cent. 


6. À cask appearing to form part of an elliptical spindle is 28 
inches long, its greatest diam. is 24inches, the diam at the head 21.6 
and the interm. diam. 23.40909 inches : what is its capacity in wine 
gallous of 231 cubic inches to the gallon ? 


Ans. (24°+21.6 +4 times 23.409009") x .7854 x 28 + 6=-11,855.2 
cubic inches, to 11,854.75 the accurate sol. the excess being in this 
case but of .000005 which shows that the proposed cask is very nearly 
the frustum of a spheroid, the rule in such case giving as seen (176, 
G.) the accurate solidity. The required capacity iu gallons is 51.316. 


7. How many gallons may be contained in a ton of elliptic cur- 
vature the greater diameter of which is & inches, the smaller diame- 
ter 24 inches, the diam. at 10 inches from the head 30.16756 inches 
and the length 40 inches ? 


Ans. 27,425.7 cubic inches or (231) 118.726, say 118: gallons 
nearly ; the accurate capacity is 27,419.6 cubic inches, the difference 
in exccss being but 6 cubic inches or one 40th of a gallon. 


8. The central zone of a parabolic spindle is 36 inches long, its 
diameter at the centre is also 36 inches, that of the apex 20 inches 
and the interm. diam. & inches ; what is its solid content in cubic feet ? 


Aus. 27,294 cubic inches, to 27.233.9 accurate sol. or an excess 
of .0022 ; say an error in excess of k of 1 per cent. In cubic feet the 
solidity is 15.795 to 15.76. 


9. Determine the capacity of a tun the length of which is 40 
inches, the great and small diameters 3 and 214 inches and the iu- 
termediate diameter 30 inches ? 
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Asn. (32 +24 x4 times 30 )x.7854 x 40 + 6=-927,227.2 eubic 
inches or 117.87 gallons nearly ; the accurate solidity is 27.210.5 
cubic inches, say an error of .00062 or 4 of 1 per cent, equivalent to 

of a gallon or a little more than half a pint. 

10. How many cubic feet are there in a hogshead the diameter 
of which at the centre is 5 feet, at the head 3 feet, its intermediate 
diameter 4.5 feet and length 7 feet ? 

Ans. 105.3745, to 105.19124 the accurate solidity, or an excess 
of 4 of 1 per cent. 

11. How many gallons of salt can be put into an empty flour bar- 
rel the height of which is 25 inches, the inf. or sup. diam. 17 
inches, the greater diam. 20 inches and the intermediate diam. be- 
tween the bottom and the centre 19.3 inches ? 

Ans. (17° +20 .+4 times 19.3) or 2179 x .7854 x 25-+6--7130 
cubic inches, dividing by 231 we obtain 30 gallons ? quarts and 3 
pints nearly or (-:-2339) 3 4, bushels nearly. 

12. There are three varieties of casks in which the extreme dia- 
meters are 24 and & inches, in one the interm. diam. is 30.2 inches, 
in another this diam. measures 30 inches and in third 29.2 inches, 
the length is 42 inches, what is the content of each cask in imperial 
gallons of 277.274 cubic inches per gallon ? 

Ans. C4 +32 +4 times 30.2 } x .7854 x 42-+ 6.+-277.274—104.06, 
to 104, diff; of a gallon. 

(24° + 82° + 4 times 30°) x .7845 x 42-+ 6-+ 277.274—103.106, 
to 103, diff. =}, of a gallon. 

(24° +32 x 4 times 29.2" ) x .7854 x 426: 277.274—99,35 
to 99.3, diff. = 4, of a gallon. 


PROBLEM Lil. 


To find the solidity nearly, of any frustum of a spindle 
EFHG or cd GH, with parallel bases perpendi- 
oular to the axis of the spindle. | 


(See the tableau.) 


(493) RULE. Compute separately the solidity of each of the 
slices EFDC, GHDC situated at opposite sides of the centre on greater 
diam. CD of the given frustum, by adding to the sum of the bases CD, 
EF, CD, GH of each of them, four times the area of an intermediate 
section ef, cd, and multiply these sums by one sixth of the height of the 
respective slices ; the sum of those solidities will be the required solidity. 
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EM. Itis plain that if the frustum is late- 
:4HG: or does not extend beyond the centre 
8 will have bnt one operation to perform to 
ine its solidity= (aren ed +area GH+4aren 
oB. 

& 1. One of the component parts of a cul- 
p presents the form of the lateral frustum 
pindle. Its three diameters are 24,30 and 
es and its height 21 inches : what is its solidity ? 


ns. 24°+ 32° +4 times 30°) x .7854 x 21-+6 —14.294 cubio 
or 8.272 eubic feet. 


A tun placed on end and the height of which is 42 inches and 
inm. 24 inches, contains wine to the three fourths of its height ; 
tire capacity of the tun is 104 imperial gallons (277.274 cubic 

per gallon) how many gallons are there remaining in the tun 





ns. Here, sincethe entire solidity of the frustum of the spindle 
measured is known, then, instead of computing separately 
lidities ofthe two component slices of the frustum to get their 
t will suffice to oube the empty part of the tun and afterwards 
<t its solidity from that of the entire tun. The diam. of the 
the height to which the wine reaches is 30.2 inches and the in- 
liste diam. between this latter and the top is 27.6. Then the 
the frastum to be deducted is (2É +4 times 27.6° +40"} x 

« M2+6=6233 cubic inches-:-277.274=224 gallons nearly, there 
as then in the tun 104—22 14 gallons. 





PROBLEM LIV. 


To determine the approximate solidity of any seg- 
+ofa spindle (Ado, aCb Acb) with a single base paral- 
‘not atthe axis (AB) of the spindle or toits diameter 

or the solidity of a frustum (ABba, dobe, AbBf) 
: parallel bases inolined or not to the axes ofthe 
; or the solidity of any ungula ABC—D,ABC— 
1EC—D of a spindle. 


194). RULE. To the eum of the areas of the parallel or oppo- 
ses (if there is butone base, we consider the other—0) of the frus- 
add 4 times the area of a section equidistant from those bases and 
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multiply the whole by one sixth of the height of the segment, frus- 
tum or unqula as the case may be. 
REM. If the given frustum contains the 


centre O of the spindle of which it forms part, 
draw through the centre a section g0k parallel 
to the bases and calculate separately each of 
the component parts of the frustum and add 
then together ; but if the parallel bases Ab, 
fB are equidistant from the centre O, then itis plain that we will 
have but one operation to perform and afterwards double the result. 


PROBLEM LV. 


To determine the solidity nearly of any frustum of an 
ungula with non parallel bases. 





(See the tableau.) 


(195) RULE 1. Decompose the frustum EFHG by an imaginary 
plane parallel to either GH, EF of its bases and passing through the point 
F'or H (as the case may be) the nearest to its other base, into the frustum 
of a spindle with parallel bases and an ungula ; then compute separately 
their solidities and add them together. 

(196) RULE ET. Compute bythe last problem the respective solidities 
of the two segments of a spindle with a single base 
GHB, EFB of wkich the given frustum forms part ; 
the difference of these sohidities will be the required 
solidity. 

REM. An inclined ton or cask containing 
liquor and which one would not displace to fa- 
cilitate its gauging will sometimes present to 
the valuation of the measurer a solid of this 
kind. 





PROBLEM LVI. 


To value the content, nearly, of a ton or cask laying 
on its side and being but partly full. (See the tableau.) 


(197) RULE KE. After having obtained the chords and versed-sines 
of the segments of a circle forming the opposite bases fFf RHR of the frus- 
tum FH to be valued, multiply the sum of those bases plus 4 times the area 
of a central section parallel to those bases, by } height or length AB of the 
cask, or to be still nearer the accurate content, operate only on the half of the 
frustum and afterwards double the result. 
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baveto increase the sol. ofthe proposed conoid, or to diminish it bythe 
difference of the solidities of the respective segments ADB having 
for rndii CD= AC or BC and CD «or > AC or BC, as the case 
may be. 

The same if the base of the conoid were concave, we would 
compute the sol. of the corresponding conoïid with plane base, and 
Afterwards deduct from it the sol. of the hollow segment. 

(201) ROULE EI. Compute the solidity of the component spheri- 
cal sector ABB-C, then the solidity of the continued frustum of a prism 
of which the generating segment AoCa’A or BoCb'B ts the section ; the 
sum of these solidities will be the required solidity. 


PROBLEM LVIII. 


To determine the solidity of any vault of which the 
thickness is not uniform. 


(202) RULE. Calculate separately (page 431 G.) by the pre- 
ceding problems, the volumes of the component exterior and interior 
solids (that is of the prisms or cylinders, hemi-spheres, Lkemi-spheroids or 
conoids, or of the segments of those solids\ and afterwards take their 
difference which will be the solid content of the proposed vault. 


PROBLEM LIxX. 


To determine the solidity of any prismoid or 
cylindroid. 


(See the numerous and varied prismoids and cylindroids of the 
tableau.) 

(203) RULE. 70 the sum of the areas of the two parallel bases, 
add four times the area of a section equidistant from those bases, and 
multiply the whole by one sixth of the height of the body ; the result 
toill be the required solidity. 

REM 1. It is said (1102 G.) that ‘the’ prismoid is a solid 
having for its parallel bases, any plane figures with parallel sides.” 
This definition does not exclude the equality of the parallel sides ; 
therefore, any prism or cylinder (infinitary prism) te at the same time 
a prismoid. 

Ncither does the definition exclude the proportionality of the 
parallel sides ; therefore, any frustum of a pyramid or cone (frustum of 
an infinitary pyramid) with parallel bases, is a prismoid. 


19 
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(206) Let us say, to sum up, that : a prismoid may have for its parallel 
bases : any tico figures equal or similar, any two figures unequal or not 
similar ; any figure and a line parallel to the plane of that figure, any 
figure and a point, any two lines not parallel, but situated in planes paral- 
del to each other ; sax, for instance : two equal or unequal squares ; a 
square and any rectangle ; any two rectangles or parallelograms ; 
any two equal or similar, unequal or dissimilar polygons, of which 
the aides of the one correspond either to parallel aides or to angular 
points of the other ; a square, rectangle or other polygon and a circle 
or ellipsis (infinitary polygon) ; a circle and any ellipsis or any two 
ellipses (this latter prismoid wNh curvilineal parnllel bases is some- 
times known under the name of cylindroid) a square, rectangle, pa- 
rallellogramw, poly gon, cirele, ellipsis and a line ; a square, rectangle, 
parallelogram, polygon, circle, ellipsis and a point ; two lines of any 
lengths uot parallel but situated in planes parallel to each other. 1 


(207) REX IL There is now to be considered the kind or 
pature of the figure answering as an intermediate section between the 
opposite bases of the prismoid to be measured. Thus, it is plain 
that if the opposite bases are rectangles with parallel sides, the in- 
termediate parallel section will also be a rectangle or a square ; if 
the two bases are parallellograms with parallel sides, the section will 
also be a parallellogram ; if the bases are a sqnare, rectangle, paral- 
lelogram and line parallel to one of the sides of such rectangle, 
&e., the section will atill be, in the first case a rectangle, in the second 
case a rectangle or a square ; in the third case à parallelogram ; if the 
bases are any figure and a point, the section will be a figure similar to 
the base and equal (481, T.) in area to the fourth of the base ; if the 


1. All these forms are mot with in practice, and more especially among the diversified 
roofs of buitdings of all kinds. À tower or square turret fur instance, will be often ter- 
mivated by a roof crowned by a ciroular or octagou platform, or the tower 
will bave for ground plan 2 oirole, and for platform to roof à square or other polygon, 
or again there may be two squares of which the sides of the one are parallel to the 
diagonals of the other, that is for prismoids of which the parallel bases are any 
figures. Ifa building of which the horizontal section is a square, rectangle, or poly- 
gon, is covered with a roof terminated by a ridge long or short, we will obtain 
the prismoid of which one ofthe bases is auy figure and the other base aline. The 
wedge is also a solid of the kind. Neither is it raro to find among the component 
parts of a roof or other object to be measured, prismoids of the kind of that of par 
(205, T.) that is, of which the bnses AB, CD are both simple lines, without the 
area of the intermediate section abcd having any the less for that a real and 
easily determined value. In this latter case the factor ‘ 4 aron abcd ” = BAXCD 
(208, T.) wheuces, the sol. == AB X OD X height = 6. 
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&ng through the sides or edges of one of the bases, are terminated by points 
or by parallel sides or edges in the other base. 


Ju other terms : The prismoid or cylindroid is such that all its late- 
ral faces are, or its lateral surface may be decomposed into triangles or recti- 
lineal trapeziums, that is, with plane surfuces, or parts capable of Leing de- 
teloped into plane surfaces. 


Let us add that every prismoid may be decomposed, if one of 
its bases is (fig. to par. (212 TT.) any figure and the other buse a 
line, into two pyramids and an elementary prismoid having for its 
bases lines, (fig. to par. 208, TT.) ; if its two bases are any figures, 
iuto four pyramids having their bases two aud two in the opposite 
bases of the solid, and a prismoid having lines for its bases ; or, at 
pleasure, into pyramids, wedges, &c., and prismoids with lineal bases, 
according to the manner of operating the division of the solid by 
planes of which the number and position may be varied. 


(211) If one of the bases is for instance a 
circle or ellipsis and the other base an ellipsis, 
the interm. base will also be an ellipsis of which 
we will obtain the diam. ef—+ (AB + ab) and 
the diam. gk=# (CD + cd). 

(2142) If one of the bases is a circle or an 
ellipsis AB and the other base a line EF, the, 
interm. base abfcde will be a mixtilineal figure 
of which the parts ab and cd will be straight 
lines parallel to EF, and the parts aed, bfc simi- 
lar figures (1088, G.) to CDA, CBD. To calcu- 
late the area of the interm. section, we have (1033, 520 G.) ab and 
deeach=# EF, ad and bc each=#5 CD, and ns the component parts 
ACD-E, BCD-F of the prismoid are evidently pyramids with mixti- 
lineal bases, we obtain (181 Æ.) the area aed— E 
+ area ADC, area bfe, =+ area BCD ;that is we 
will obtain area section ef—ab or + EF x ad or 
bc or $ CD ++ area AB, and if EF is not parallel 
to AB or perpendicular to the direction of DC, 
we will moreover multiply (8 T.) the product 
ab, bc by the nat. sin. of the angle bad or substi- 
tute for the factor ad or bc the perpendicular 
breadth of the parallelogram ab cd. 
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.7854=7.0686 square yards, in all 13.0686 square yards ; the area of 
the intermediate section is equal to half the rectangle at the base 
plus one fourth (212, Æ.) of the two semi-circles, and has conse- 
quently the value of 3+1.76715—4.76715. The area of the sup. 


- base being null in the actual case, the sol. —(area base + 4 interm. 


area) x height--6,—(13.0686 + 4 times 4.76715) x # height=32,1372 x 
2- 6—10.7124 cubic yards. 

REX. If the ext. surface of the tester or of the camping tent of 
the two last examples, instead of being taut, that is plane or capable 
of being developed (1140 G.) into a plane surface, were concave or 
not taut, we would equally obtain the required solidity, at least 
very nearly (139, 140, Æ.) by the same rule (208, T.) 

Ex 3. An observatory of which the ground plan is an octogon 
of 100 metres area, is crowned with a roof terminated by a circu- 
lar platform of which the area is 25 metres, the area of the interme- 
diate section is 56 metres ; what îs the solidity of the space occupied 
by the roof the height of which is 6 metres ? 


Ans. 100 + 25 + 4 times 56—= 349 cubic metres. 
PROBLEM LX. 


To determine the accurate solidity of any irregular 
body of small dimensions or of a body composed 
of several elementary parts with différent 
dimensions and forms. 


(215) RULE. Ifitisthe capacity of any vase or ves- 
sel which we wantto measure, fhe idea generally suggests 
itself of arriving at the result by determining the number of times which 
such a vessel can give place to or contain the contents of any other vessel of 
an elementary form of which we know the capacity. 

(216) Bat if it is the sollidity ofthe substance itself 
of the vessel, &ce., which we desire to measure, the man- 
ner of operating does not immediately present itself to the mind of 
any one wishing to obtain the result. 

(217) RULE. If the solidity to be measured ls that of 
a nen absorbent substance, we immerse it in a vessel full of water 
or any other liquid of which we will measure the displacmement by means of 
another vessel of known capacity ; or if the first vessel is large enough 
and its form rectangular or cylindrical and of easy gauging, we will first 
put in it enough liquid to cover the object to be measured ; having after- 
twards observed the height of the level of the water in the vessel, 1e will im- 
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responds to 1 cubic inch of space or solidity, we have immersed a 
piece of silver which has displaced by 73 hundreths of an inch the 
1evel of the liquid in the vase ; required the solidity of the ingot of 
silver ? 

Aus. .73 of a cubic inch. 

3. Having filled with water any vessel, we have immersed in it 
an object the solidity of which we want to know ; we have gathered 
in another vessel, the water overflown, the quantity of which is 3 gal. 
2 quarts and + piut ; what is the solidity of the proposed object, the 
gallon made use of beiuyr 231 cubic inches ? 

Ans. 1 gallon +2 quarts + & pint = 231 + 1154 + 147% = 360H4 
cubic inches. 

4. Required the solidity of an absorbent substance placed in a 
vessel one foot square filled with sand ; after having removed the 
object to be measured, we find that the uniform height of the sand 
in the vessel, first levelled to that effect, is .3 of a foot, the height of 
the vessel being 1.5 feet ? 

Ans. 15—.3=1.2 feet=height of the displaced level ofthe sand, 
and as the vessel is 1 square foot in horizontal section, it follows 
that the solidity of the object is 1.2 cubic feet. 

$. In à vessel having the form of the frustum of a cone is a 
qnantity of liquid of which the diameter at the surface is 10 inches ; we 
immerse in itan object which increases by 9 inches the height or depth 
of the liquid in the vessel and which gives to its displaced surface a 
diameter of 14 inches ; required the solidity of the proposed body ? 

Ans. The volume of water displaced which is at the same time 
that of the object, is that of the frustum of a cone of which the pa- 
rallel bases measure respectively 10 and 14 inches and of which the 
height is 9 inches ; this sol.—(112, Æ.) (10 +14 +4 times 12°)x 
1854 x 9 + 6 — 872 x .7854 x 1.5 — 684.8688 x 1.5 — 1027.3032 cubic 
inches. 


THEOREM LXI. 


To determine the solidity or weight of any body or 
substance, by comparing the volume or weight of 
such body with that of a body or substance of the 
same nature of which we know beforehand the 
weight and volume. 


(219) REM. The weight of a cubic foot of water at the tem- 
perature of 40° Fahrenheit (at which water nearly reaches its 
greatest density) is 1000 ounees avoir, du poids nearly, or 62+ pounds 

: 0 
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Ans. We will first obtain the solidity of the pine model by 
making, as per rule (the pine being considered in this case as of 25 
pounds to the cubic foot) 25 pounds : 1 cubic foot :: 7 pounds : .28 of a 
cabic foot. Now, as the solidity of the cast iron will also be = .28 of a 
cubic foot and the weight of cast iron is 450 pounds per cubic 
foot, we will obtain the weight of the proposed grating—450 x .28—= 
126 pounds. 

(221) RULE. To determine the weight ot a body 
from its volume ; make the proportion : as one cubicfoot is to(:) 
the volume of the proposed body, 80 is ( ::) its specific gravity to (:) 
its weight. 

Ex. 1. The volume of a heap of snow on the roof of a building 
is 7000 cubic feet, the weight of à cubic foot of this snow, made 
heavy by rain, &c. is 30 pouuds : required the total weight which 
bears ou the roof ? 

Ans. 7000 x 30—210,000 pounds. 

2. What is the weight of a piece of pure cast gold the dimen- 
sions of which are 3 inches by 4 x & inches ? 

Ans. The solidity=3 x 4 x $=2# cubicinches; the specifiogravity 
of pure gold is 19.258 ; the rule gives : 1 cubic foot or 1728 cubic 
inches : 2E cubic inches :: 19.258 : x —19.258 x 2.25=925.07552 ounces 


1728 
8. One desires to know the weight of a firkin of butter the vo- 
lume of which obtained from the rule to article (112), is 1830 
cubic inches ? 
Ans. The specific weight of the butter is .940 of that of water, 
that is, of 940 ounces to the cubic foot ; we will therefore obtain the 
required weight— 1830 x 940—9954 ounces, +16—62 pounds 34 ounces. 


1723 
4. What is the weight nearly of a stick ofenglish oak half-dry, 
the volume of which is 150 cubic feot ? 


Ans. The half-dry oak, from the table, is 66 pounds nearly per 
cubic foot, whence the required weight, is 150 x 66—9900 pounds. 


5. What is the weight nearly of a box of bound books the vo- 
lame of which is 15 cubic feet ? 
Ans. 15 cubic feet x 43 pounds nearly=—645 pounds. 
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Ans. Since water weighs 62.5 pounds to the cubic foot and the 
total volume of the pontoon is 20,000 cubic feet, the total weight of 
the water which the pontoon must displace before sinking to the 
level of the water is 20,000 x 62.5=1,250,000 pounds ; now the 
weight of the boat is but 230,000 pounds ; whence it follows that we 
might still without causing the bateau to founder load it with a 
weight equal or nearly equal to the difference between 1250,000 
poands and 230,000, that is 1020,000 pouniis. 

(223) RULE II. ff the body to be computed is heu- 
vier than water ; first weigh the body în air, then in 1water, 
by means of a hydraulice balance ; the difference betieen the results 
æillbe the weight lost in water, or the weight of a quantity of water equal 
én volume to that of the body. Make now the proportion : as the weight 
lost in water (:) isto the weight of the body in air (::) so is the 
specific gravity of water ( :) to the specific gravity of the body. 

Ex. L. À piece of tin weighs 183 pounds, its weight in water 
is but 158 pounds : what is the specific gravity of tiu ? 

Ans. 183—158=—25 : 183 :: 1000 : 7320= required specific gravity. 

2. À block of granite weighs 21 ounces in air and only 13 
ounces in water : what is the specific gravity of the granite ? 

Anx. 2695. 

(224) RULE III. If the body to be compuied ix« 
lighter than water ; tie to the proposed body by a thread the weight 
of which is relatively null, another body heavier than water, so that 
both of them taken together may penetrate or sink in the water ; having 
first weighed each body in air, and the heavier in water, weigh then in 
water the compound body, and from the weight lost by the compound 
body, substract the weight lost by the heavier body as weighed alone ; 
the remainder is the weight lost by the light body. Then : as the weight 
lost by the light body in water, (:) is to the weight of that body in 
air, (::) 80 is the specific gravity of water (:) to the specific gravity of 
the body. 

Ex. 1. To a piece of elm which in air weighs 15 grains, we 
have tied a piece of copper the weight of which is 18 grains ên air 
and 16 grains in water, and the compound in water weighs but 6 
grains : what is the specific gravity of the elm ? 

Ans. 18—16 =—2 =the number of grains lost Ly the copper 

in the rater. 
18 + 15— 6—27=the number of grains lost by the com- 
pound in the water. 
27—2 =925=the number of grains lost by the elm 
in the water. 
25 : 15 :: 1000 : 600=the specific gravity of the elm. 
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Ans. 19610-—3000— 16640, 16640 x 3500—58,2:0,000 — 
Factor for the compound body. 
19610— 3500 = 16140, 16140 x 3000 = 48,420,000 — 
Factor for the quartz. 
3500—3000— 500, 500 x 196140 =—9,820,000 — 
Factor for the gald. 
58240000 : 9820000 :: 109 : 16.86.8612633—ounces of gold ; if this re- 
sult be correct, the weight of the quartz must be equal to the differ- 
ence between the weight of the gold and that of the alloy, and in 
fact 58210000 : 48420000 :: 100 : 83.138736? + ounces of quartz; the 
sum of these numbers— 100 ; therefore, &c. 


PROBLEM LXIV. 


To determine the solidity ofthe largest piece of squared 
timber that may be got out of a round log, or 
out of felled or standing tree. 


(226) RULE. Hultiply the diameter of the tree or log by the half- 
diameter, and this product by the length : the result will be the required 
sokidity. 

In fact, it is plain that the diam. AB multiplied 
by the half-diameter OC (or + AB) gives for 
product the area of the inscribed square ABCD, 
that is, the area of a section, of the timber to be 
computed, by a plane perpeudiculur to its length, 
and that area maultiplied by the length of the log 
gives (2, T.) the required solidity. 

REM. This rule supposes that the diam. of the tree is every 
where the same or that we make use of à mean diameter, 18 taken 
at the middle of the length, and this is generally done when there is 
not too much difference between the diameters of the opposite ends ; 
but to be precise (148, 'T.) we must as already stated (91, ‘F.) add 
to the sum of the areas of the ends of the log or tree to be 
measured four times the area of a section taken at the centre and 
multiply the whole by the sixth part of the length, or which is the 
same thing, multiply the sum of. the areas by the whole length and 
take the sixth part of the result. 

Ex. 1. The circumference of a log, the length of which is 12 
feet, is 6.28 fcet, deduction being made of the bark if necessary : 
how many cubic feet of wood will there be in the stick of squared 
timber to be got out of the log ? 





KEY TO THE TABLEAU. 


Ans. The cire. 6.28 corresponds to a diam. 2, the section of the 
er will therefore be 2 x 1=2 square foetin area, aud as the length 
, the solidity will be 24 cubic fect. 

2. A tree the height of which is 50 feet, las for its sup. diam. 
iches, and for its iuf. diam. 36 inches, for its interm. diam. 33 


»s ; what is the solidity of the piece of square tinber that may . 


»t out of it. 

Ans. Area small end=24 x 14 feet= 3.125 sup. feet, aren large 

23 < 14=4,5 sup. feet, intermediate area=2.75 x 1.375=3.78125, 

ermediate area = 15.125, the sum ofthe areas=22.75 and that 

x 50 + 6— 189.6 cubie feet. 

8. We have mensured at 5 places nearly equidistant by means 

thickness compass, the diam. of an irregular tree just felled ; 

: diameters are respectively 39, 394, 38, 374 and 36 inches, and 

ength of the tree 40 feet; what will its solidity Le after it has 
squared. 

Ans. The sum of the diameters 190 inches-+5=—38 inches— 

à dinm.=3} feet, 3.166 x 1.583=5.012 nearly =area of the section ; 

iplying this latter Ly the length 40, we get 2004 cnbic feet. 





PROBLEM LXV. 


cube a stick of timber AB which is but partly 
squared, or of which the edges or angles are 
wanting, called “ waney timber” 


‘272) RULE. Square the diam. AB of the timber, and from 
square subtract that of the diam. ab of the sapwood, the difference 
2e squares multiplied by the length of the timber, will be the required 
ty. 

In fact, it is plain that the surface e 

ing at ench of the four angles, corners 

iges of the timber, to complete the 

re A B, is the triangle «bo, or a tri- 

+ equal to abo, when as it is supposed, 

h=k= ab ; now the square on ab is 

h 4 abo ; therefore, &c. 

REML. EL Ifthe sides ab, ef, &e. nre 

>qual to each other, we may take one 

h ofthe sum of these four sides for a mean diameter ab, or for 
2er accuracy, we will make separately the squares of ab, ef, &e., 
the fourth of the sum of those squares will be, or the sum of the 
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fourths of those squares will be the quantity, nearly, to be subtracted 
from the square AB to obtain the net area of the section of the 
timber. 

RE. 11. Let us observeas in the last problem thatif the timber 
is not throughout its entire length of equal size, its section must be 
taken at about the middle ofitslength, and this is generally what is 
done (148 T.) or, we will determine several sections of the timber and 
then take their mean, or finally we will make the sum of the areas 
of the opposite ends plus four times that of the intermediate section 
and afterwards multiply the whole by the length and take the sixth 
part of the result. 

REM. XrxI. We must also observe that we may arrive at the 
area of any regular or symmetrical octagon or of the kind here illus- 
trated by subtracting from the square of the perpenudicular distance 
AB which separates any two of its parallel sides, the square of 
one ab of the sides adjacent to the first. 


Ex. ZI. An eight sided pillar is 8 feet wide or thick AR, the side 
ab of the chamfer aob is 6 inches : what is the solidity of fhe pillar; 
its length or height being 10 feet ? 


Ans. (3+3—(.5 x .5)—=8.75 superficial feet, and 8.75 x 10—87.5 
cubic feet=required solidity. 


2. À log of timber the edges of which are waney, measures 30 
inches square and 30 feet loug, the average of the sides ab, ef, &c. 
of the wane is 9 inches ; what is the solidity of the timber ? 

Ans. (30 x 30) minus (9 x9)=919 square inches=area of the 
section of the timber=6.38? feet very nearly, and 6.382 x 30— 191.46 : 
cubic feet. 

3. We have reduced to 30 inches square at the large end a tree 
the diam. of which was at that point 36 inches ; at the small end the 
diam. 90 inches has been reduced to 25 inches ; the wnne, sapwood or 
defect from a true square ab is from 7 to 6 inches respectively 
at the two ends, such as obtained by a direct measurement of the piece 
of wood to be cubed, or by means of a sketch made from a scale of 
equal parts : what is the solidity of the timber, its length being 60 
feet ? | 

Ans. Area at the large end = (30 x 30) — (7 x 7) = 851 square 
inches, area at small end=(25 x 25)—{(6 x 6)=589 sq. f., the inter- 
mediato area (= 25 x %0+ =) " +) = (274 x 271) — 

2 2 2 2 
(64 x 64)=27.5 —6.5 —756.25— 42.25 714 ; 851+ 859 + 4 times 714 
—4296 square inches, dividing by 144 we obtain 29.833 square feet, 
maltiplying by à of the length or by 10 we obtain 298.33 cubic feet 
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Ans. Àrea section at the centre—714 square inches, 714-;-144= 
.4983 square feet, 4.9583 x 60—297.498 cubic feet, that is, equal to 
the accurate solidity by less than one foot nearly, or by less than one 
300th nearly, or by less than one third nearly of 1 per cent, sufi- 
cient accuracy (148 "E.) in practice. 

REM. IV. À comparison of tlie two answers of the last pro- 
blem indicates sufflciently that the ordinary practice of cullers, 
who take the dimensions of a log at the middle of its length, and 
afterwards multiply the area of the section at that place by the 
length of the timber, to obtain thus its solidity, is, considering ail 
things, (148, T.) sanctioned by circumstances. 


TABLES 


OF 


. Squares and Square Roots of numbers from 1 to 1600 


. Circumferences and areas of circles of diameter # to 


150, advancing by &. 


. Circumferences and areas of circles of diameter # to 


100, advancing by +. 


. Circumferences and areas of circles of diameter 1 to 


50 feet, advancing by 1 inch. 


. Sides of Squares equal in area to a circle of diameter 


1 to 100 advancing by +. 


. Lensths of circular arcs, to diameter 1 divided into 


1000 equal parts. 


. Lengths of semi-elliptic arcs to transverse diameter 


1 divided into 1000 equal parts. 


. Areas of the segments of a circle to diameter 1 di- 


vided into 1000 equal parts. 


. Areas of the zones of a circle to diameter 1 divided 


into 1000 equal parts. 


. Specific gravities or weights of bodies of all kinds 


solid, fluid, Hquid and gazcous. 


ne. - 


No. 





D O0 © Où Où à O9 ED 





TABLE OF SQUARES, SQUARE ROOTS 


Sqre. root. 


1.0000000 


14142136 | 
1.7320508 | 
2.0000000 
2.2360680 
2.4494897 
2.6457513 
2.8284271 
3.0000000 | 
8.1622777 | 
3.3166248 : 
3.4641016 | 
3.6055513 | 
3.7416574 
3.8229833 | 
4.0000000 : 
4.1231056 | 
4.2426107 | 
4,3585989 | 
4.4721360 | 
4.6825751 | 
4.6904158 
4,1958315 | 
4.8989795 
5.0000000 : 
5.0990196 
5.1961524 
5.2914026 ! 
5.3851648 : 
5.477225 | 
5.5677644 | 
5 -6568542 : 
5.7445626 : 
5.8309519 ' 
5.9160798 
6.0000000 
6.0827625 
6.1644140 | 
6.2449980 
6.32455653 
6.4031212 
6.4807407 
6.5574385 
6.6332196 
6.7082039 
6.7823300 | 
6.8556546 | 
6.9222032 
7.0000000 
7.0710678 
7.1414284 
7.2111026 
7.2801099 
7.3484692 
7.4161985 





1.4833148 
1.5498341 
7.6157731 
1.6811457 
1.7459667 





Square. 


3721 
3844 
3969 
4096 
4225 
4356 
4489 
4624 
4761 
4900 
6041 
6184 
5329 
6476 
6625 
6716 
5929 
60841 
6241 
6100 
6561 
6724 
6889 
7056 
7225 
1396 
7569 
717144 
7921 
8100 
8281 
8164 
8649 
8836 
9025 
9216 
9409 
9601 
9801 
10000 
10201 
10404 
10609 
10316 
11025 
11236 
11449 
11664 
11881 
12100 
12321 
12544 
12769 
12996 
13225 
13456 
13689 
13924 
14161 
14400 





_Bgre: root. 


| 7.8102497 8102497 
1.8740079 
7.9372539 
8.0000000 
8.0622577 
8.1240384 
g- 1853523 
8.2162113 
8.3066239 
8.3666003 
8.4261498 
8.485281 4 
8.5410037 
8.6023253 
8.6602540 
8.7177979 
8.7749644 
8.8317609 
8.8831944 
8.91442719 
9.0000000 
9.0553851 
9.1101336 
9.1651514 
9.2195415 
9.27360185 
9.3273791 
9.3808315 
9.4339811 
9.1868330 
9.5393920 
9.5916639 
9.6136508 
9.6953597 
9.7467913 
9.79:9590 
9.818857S 
9. 8994949 | 
9.9493744 : 
10.0000000 | 
10. OST se | 
10. mn | 
10.11488916 , 
10. 1930390 | 
10.21469508 ; 
10.295630 : 
10.3140804 | 
10.39230 18 
10.4403065 | 
10.4880855 ' 
10.5356538 , 
10.58 J0US2 
10. 6301458 | 
10.6770783 : 
10.723805 : 
10.7703296 
10.8166538 
10.8627805 
10.908712] 
10. 95 14512, ! 


= —_— — ————p 9 0 





121 


126 


Square. 


14641 
14834 
15129 
15376 
15625 
15876 
16129 
16384 
16641 
16900 
17161 
17424 
17689 
17956 
18225 
184196 
18769 
19014 
19321 
19500 
19881 
20164 
20419 
20736 
21025 
21316 
21609 
21904 
22201 
22500 
22801 
23104 
23409 
23716 
24025 
21336 
21649 
24964 
25281 
25600 
25921 
26244 
26569 
26896 
27225 
27556 
21889 
28221 
28561 
28900 
29241 
29581 
29929 
30276 
30625 
30976 
31329 
31684 
32041 
601 3600 1 T-7459667 1] 120! 14400 ! 10.954512 | 1801 32400 | 13.4164079 | 





 _ 





Sqre. root. 


11.0000000 
11.0453610 , 
11.0905365 
11.1355287 
11.1803399 
11.2219722 
11.26914277 
11.3131025 
11.3578167 
11.4017513 
11.4455231 
11.4891253 
11.5325626 
11.5758369 
11.6189500 
11.6619038 
11.70146999 
11.7473401 
11.789826 1 
11.8321596 
11.8743421 
11.9163753 
11.9582007 
12.0000000 
12.0115946 
12.0830160 
12.1213557 
12.1655251 
12.2065556 
12.21474487 
12.2832057 
12.32#8280 
12.3693169 
12.4096736 
12.4198996 
12.14899960 
12.5299611 
12.5698051 
12.6095202 
12.641106 
12.6885715 
12.727922! 
12.7671453 
12.8062185 
12.8152326 
12.8810987 
l2.9228480 
12.9614314 
13.0000000 
13.0381018 
13.07669638 
13.1148770 
13.1529164 
13.1909060 
13.2237566 
13.2661992 
13.3011347 
13.3416641 
13.3790882 
13.4164079 








———_———— 








OF NUMBERS FROM 1 To 1600. 


49284 
49729 
50176 
50625 
51076 
51529 
51984 
52441 
52900 
53361 
53524 
54289 
547156 
65225 
55696 
56169 
66644 
57121 
57600 


13.4536240 
13.4907376 
13.5277493 
13.5646600 
13.6014705 
13.6381817 
13.6747943 
13.7113092 
13.7477271 
13.7840188 
13.8202750 
13.8564065 
13.8924400 
13.9283883 
13.9612400 
14.0000000 
14.035668x 
14.0712473 
14.1067360 
14.1421356 
14.1774469 
14.2126704 
14.2478063 
14.2828569 
14.317821 1 
14.352700! 
14.387496 
14.422205! 
14.4568323 
14.4913767 
14.5258390 
14.560219 
14.6945195 
14.627388 
14.6628783 
t4.6969385 
14.7309199 
14.7648231 
14.7986486 
14.823970 
14.8660687 
14.8996644 
14.9331845 
14.9666295 
15.0000000 
15.0332964 
15.0665192 
15.0996689 
15.1327460 
15.1657509 
15.1926842 
15.2315462 
15.2643275 
15.270585 
15.3297097 
15.622915 
15.3918043 
15.4272486 
15.4596248 
15.491934 


SR 
A 





Sqre. root. | No. | Square. 


82944 
84521 
84100 
81681 
85264 
85819 
864306 
87025 
87616 
88209 
88804 
89401 
90000 


Sqre. root. 


———— | me | mme | mme À mme | mms 


15.5241747 
15.5563492 
15.5884573 
16.6204994 
15.6521758 
15.6843871 
15.7162336 
15.7480157 
15.7797338 
15.8113883 
15.8429795 
16.8715079 
15.9059737 
15.9373775 
15.9687194 
16.0000000 
16.0312195 
16.0623784 
16.0934769 
16.12145155 
16.15549414 
16.1861141 
16.2172747 
16.2180768 
16.27R8206 
16.3095064 
16.3101316 
16.3707055 
16.4012195 
16.4316767 
16.4620776 
16.4921225 
16.5227116 
16.5529454 
16.5831240 
16.6132477 
16.6433170 
16.6783320 
16.7032931 
16.7332005 
16.7630546 
16.7928556 
16.8226038 
16.8522995 
16.88191430 
16.9115345 
16.9410743 
16.9705627 
17.0000000 
17.0293864 
17.0587221 
17.050075 
17.1172428 
17.11464282 
17.1755640 
17.2046505 
17.2336879 
17.2626765 
17.2916165 
17.3205081 





No. | Square 
301 | 90601 
302 | 91204 
803 | 91809 
304| 92416 
305 | 93025 
306 | 93636 
307 | 94249 
308 | 94864 
309 | 95481 
310! 96100 
311 | 96721 
312 | 97344 
313 | 97969 
314 | 98596 
315 | 99225 
316 | 99856 
317 | 100489 
318 | 101124 
319 | 101761 
320 | 102100 
321 | 103041 
322 ‘ 


110224 
110589 
111556 
112225 
1123596 
113569 
114214 
114921 
116600 
116281 
116964 
117649 
118336 
119025 
119716 
120409 
121104 
121801 
122500 
123201 
123904 
124609 
126316 
126025 
366 | 126736 
357 | 127449 
358 | 128164 
359 | 126881 
360 | 129600 


342 
343 
344 
345 
340 
347 
348 
349 
360 
351 
352 
363 
354 
355 


S 
QŒ =] 





17.3493616 
17.3781472 
17.4068952 
17.4355958 
17.4642492 
17.4928657 
17.5214155 
17.5199288 
17.5783958 
17.6068169 
17.6351921 
17.6635217 
17.6918060 
17.720045 
17.7182393 
17.7763888 
17.8014938 
11.8325545 
17.8605711 
17.8885438 
17.9164729 
17.94143581 
17.9722008 
18.0000000 
18.0277564 
18.0554701 
18.0831413 
18.1107703 
13.138357] 
18.1659021 
18.1934054 
18.2208672 
18.2482876 
18.2756669 
18.3030052 
18.3303028 
18.3575598 
18.3817763 
18.4119526 
18.4390889 
18.4661853 
18.4932420 
18.52025y2 
18.5472370 
18.5741756 
18.6010752 
18.6279360 
18.6547681 
18.6815417 
18.7082869 
18.7349940 
18.7616630 
18.7882942 
18.8148877 
18.8414437 
18.8679623 
18.8944436 
18.9208879 
18.9472963 
18.9736660 























TABLE OF sQUARES, SQUARF ROOTS 














No. | Squure. Sqre. root. | No. | No. 
361 | 130321 | 19.0000000 | 421 
362 | 131044 | 19.0262976 :| 422 
363 | 131769 ! 19.0525549 ;| 423 
364 | 132496 | 19.0787R40 :| 424 
365 | 133225 | 19.1049732 || 425 
366 | 133956 | 19. 1311265 | 426 
267 [124689 119.157%441 | 427 
368 | 125424 | 19. 132261 428 
369 [136161 | 19.2093727 | 429 
370 | 136900 | 19.2353K41 130 
371 [137641 | 19.2612603 | 421 
872 | 138384 | 19.2X73015 || 432 
373 [139129 | 19.3132079 | 433 
874 | 139876 | 19.3390796 | 134 
375 | 140625 | 19.3649167 || 435 
376 | 141376 | 19.3 3907104 || 436 
377 | 142129 [19.416178 | 437 
378 | 142K84 | 19.442229] | 428 
379 | 143641 | 19.4679223 ‘| 439 
380 | 144400 | 19.493527 | | 440 
381 | 145161 | 19.5192213 || 441 
382 | 145924 | 19. 54 1820 | 442 
383 | 1466K9 ! 19.570385 !| 443 
384 | 147456 | 19.5959179 | 4441 
385 | 148225 | 19.6214169 !| 445 
386 | 148996 | 19.6468827 || 446 
387 | 1149769 | 19.6723156 || 447 
388 | 150544 | 19.6977156 || 448 
389 | 151321 | 19.7230 29 || 449. 
390 | 152100 | 19.7484177 || 450 
391 | 152K81 | 19.77237199 451 
392 | 163664 | 19.79k9899 || 459 
393 | 154449 | 19.8242276 || 453 
394 | 155236 | 19.#494339 || 454 
395 | 156025 | 19.8746069 i| 455 
396 | 156816 | 19.6997187 || 456 
397 | 157609 : 19. S2INRK | 457 
398 | 15R104 | 19.199373 || 458 
399 | 159201 | 19.9749344 | 459 
400 | 160000 | 20.000000 | 460 
401 | 160801 | 20.0249814 | 461 
402 | 161601 | 20.0199:377 | 462 
403 | 162409 | 20.0712599 463 
404 | 163216 20.0997512 | 4ù4t 
405 : 164025 | 20. 1246118 .| 455 
406 | 164836 | 20.11491417 | 466 
407 | 165649 | 20.1712410 !| 467 
408 | 166464 | 20.1990099 I| 468 
409 | 167281 | 20.223714R1 | 469 
410 | 168100 | 20.218457 | 470 
all | 16H921 | 20.2731319 : 471 | 
412 | 169744 | 20.297783 !| 472 
413 | 170569 | 20.3221014 || 473 
414 : 171396 | 20.314169 +99 | AT4 
415 | 172225 ! 20.371518 ‘| 475 
416 | 173056 | 20.3960781 | 476 
417 | 173K49 | 20.4205779 à 477 
418 20.1450183 | 478 
419 | 175561 20.469 4K95 || 479 
420 | 136400 | 20 4929015 | 


DURE E 


Square. 


15721] 
17S0R4 
178929 
179776 
1*0625 
161476 
1825929 
IS3IN4 
181041 
154900 
1R5761 
186624 
J<71K9 
1*8356 
189225 
190096 
190969 
JUIS {4 
192721 
193600 
194181 
195364 
195219 
197136 
198025 
19 916 
199<09 
200704 
201691 
202500 
203401 
2041304 
205209 
206116 
207025 
207936 
208419 
209704 
2106S1I 
211690 
212521 
2131144 
2114359 
215295 
216225 
217156 
21R0ON9 
219024 
219961 
220900 
22111 
| 2U2TN4 
223129 
224676 
225625 


226570 


227529 
2USA{K{ 
22 El 

20100 


Nqre, root. 


20.512215 

20.54262$6 | 
20.5669038 
20.5912603 ! 
20.6155281 
| 20. 6397074 
20.663973 || 
20 seu | 
20.7123152 

20.736414 | 
nr | 
20.78 16097 











20 8226667 || 
20.6560596 | 
20.806130 | 
20.9015190 | 
20.H2N 1195 | 
20.9525208 | 
20.9761710 ! 
91.0000900 il 
21.0231960 ! 
21. OF? | 
21 07loU1o |! 
91.095023! 
21.117121 
91.112745 
21.1660105 
21.1 96201 
91.213202 | 
21.23607006 
21.2602916 
21.2831907 
21.3012:08 
21.330729 
21.354lou9 
21 
21 | 


| 
I 
| 
| 
3719983 | 
4009556 |! 
21.121293: 
21.4456106 |: 
21.4509106 1! 
21.401153 | 
2 ITS 
91.5100592 : 
21.56:#0N7 

21.9*50501, 
21.6IQISXS | 
21.6333077. 
21.696 1078 É 
21.679 1834 

21.702531 ! 
DU 7235610 1! ! 
21.745032 | 
21.771541 
21.7911917 
21.#1714212: 
21.5103297 
21.853211] 
21.8S60686 
21. ONS402 }° 3 !| 








No. 





Square. 





481 1251361 
452 | 232324 
ds3 | 2332N9 
4K4 | 234256 
45 1235225 
486 | 256196 
JK7 1 237109 
JS | 2581 44 
4 9 1239121 
490 1 210100 
491 "211031 
499 7919064 
495 ! 215019 
491 | 214036 
415 | 2145925 
496 210016 
241009 
DIS 
NC 
5009) 
12.,1G01 
Dia EU 
0 





510 | 2 ivlug 
511 | 261121 
D12 1202141 
513 203104 
51: | 201196 
15: RE 
016 
517 
IS 


02 29 
VAT 29 
RAT A EU 








Ur sw LS 


D, 


ms 
ve y 


— p 


| 2-0000 
281951 
2. 5021 
5 | DS40S9 
215 Jp 

| up 
26 E RTE 
JR 3b9 
DA | 2<J4LI 
539 | 290521 
510 291600 





LS ue D ss IS IS tSIC IS to IS tS 
= JS 4 à . 
tot 
1 
3 
-1 
[RAI 
es 


nn Ex Cr Sr Cr C1 A Or Or On Gr En Er Er 
Cm SN T— 


= 
Most 
. 
- 


en 
12,72 
er 


Ii 


1 





| 


| 


21. 9772610 | 
22. 0000000 | 
22.0227155 
22,0151077 
22.060765 
22.0507220 
22.1133114 
22.13591436 
22.15K5198 
22.1810730 
22.2036033 
22. 2261108 
22.2435955 
22.2710575 
22.2931963 
22,3159156 
22.533079 
3000TIR 
29 3830293 
22 4053505 
22.12766015 
02 4199443 
29,4722051 
12,4911138 
22,5160605 | 
22,938%553 | È 
22. 5010: 2x3 |! ii 
22,5331796 
29, ,6053091I 
22.6274170 !, 
92.6495033 | 
22.6715081 |, 
22.6936114 || 
22.115633 4 || 
22.1316310 |) 
22,:596131 1! 
92.715715 |] 
22, S0350S9 , 
2,625 1244 
22,R473193 
22,6591933 
2260104563 
22,9128779 
02,9 346899 ‘ 
22 50.480060 
22.9182506 
23.0000000 
LR 3. LU 217 AUS 
23.041431572 
25.051252 
23 067925 
23.1084 100 
23.153000 70 
27.15167:5* : 
23.172605 | 
23.194#270 || 
23 216180 || 
23 23 


2) 


Sqre. root. 

21.9317122 | 

21.95414984 : 
| 


Î 





= = em — => 





3r900T 





Square 


292681 
293764 
291849 
295936 
297025 

| 298116 

299209 

300304 

549 | 301401 

550 | 302500 

| 651 | 303601 

552 | 304704 

| 653 | 305809 

| 554 
555 

| 556 


| 306916 
308025 
309136 
310249 
311364 
312481 


! 557 

558 

| 659 

560 

| 661 | 314721 

562 | 315844 

| 563 | 316969 

564 | 314096 

1 665 ! 319225 

| 666 

! 567 

| 568 

569 

| 570 

"671 

| 512 
[l 


321489 
322624 
323761 
324900 
326041 
327184 
328329 
329476 
330625 
331776 
332929 
331084 
335241 
336400 
337561 
338724 
339889 
341056 
342225 
1 313396 
3144569 
346744 
346921 
348100 : 
349281 
350164 
ë | 351649 
* 694 | 352836 

354025 
355216 
356409 
351604 
358801 
360000 ! 24.4918974 || 660 | 435600 | 25.6904652 || 720 1 618. 


673 
574 
| 576 

676 
| 577 
| 578 
| 


Oo © 
D 1 
© © 











| 


OF NUMBERS FROM 1 To 1600. 


Sqre. root. 


—— 


Square. 


Sre. roct. 


LL —_————_— nt ——— me Eee eme 
— —————— _ 


23.2594067 
23.2808935 
23.3023604 
23.3236076 
23.3452351 
23.3666429 
23.3880311 
23.1093998 | 
23.4307490 
23.4520188 
23.4733892 
23.4916802 
23.5159520 
23.5372046 
23.5584380 
23.5796522 


313600 ! 23.6613191 


23.7216210 
23.1186842 
23.7697286 


320356 ! 23.7907545 


23.8117618 
23.8327506 
23.8537209 
23.8746728 
23.8956063 
23.9165215 
23.9374184 
23.9582971 
23.9791576 
24.0000000 
24.0208243 
24.0416306 
24.06241188 
24.0831891 
24.1039416 
24.1246762 
24.1453929 
24.1660919 
24.1867132 
24.2074369 
24.2280829 
24.2487113 
24.2693222 
*24.2899156 
24.3101916 
24.3310501 
24.3515913 
24.3721152 
24.3926218 
24.4131112 
24.4335834 
24.4540385 
24.4744765 
24.4918974 


23 6008474 
23 6220236 
23 6131808 
23 654386 
| 23.7065392 

| 


361201 
362104 
863609 
364816 
366025 
367236 
368449 
369664 
370881 
3172100 
373321 
374544 
375769 
316996 
378225 
3719456 
380689 
381924 
383161 
381400 
385641 
386884 
388129 
389376 
390625 
391876 
393129 
394384 
395641 
396900 
398161 
399124 
400689 
401956 
403225 
404496 
405769 
4070441 
408321 
409600 
410881 
412164 
4134419 
414736 
416025 
417316 
418609 
419904 
421201 
422500 

423801 

425104 
426409 

427716 
429025 


D 


24.5153013 
24.5356883 
24.5560583 
24:5761115 
24.5967478 
24.6170673 
24.6373700 
24.6576560 
24.6719254 
24.6981781 
24.7184142 
24.7386338 
24.7588368 
24.7190234 
24.7991935 
24.8193473 
24.8394847 
24.8596058 
24.87197106 
24.8997992 
24.9198716 
24.9399278 
24.9599679 
24.9799920 
25.0000000 
25.0199920 
25.0399681 
25.0599282 
25.0798724 
25.0998008 
25.1197134 
25.1396102 
25.1594913 
25.1793566 
25.1992063 
26.2190404 
25.2388589 
26.2586619 
25.2781493 
25.2982213 
25.3179778 
25.3377189 
25.3074447 
25.3771551 
25.3968502 
25.4165301 
25.4361947 
25.4558441 
25.4754784 
25.4950976 
26.5147016 
25.5342907 
25.6538647 
25.6734237 
25.5929678 


—  —_—@Zp 0 OO 


430336 | 25.6124969 
431649 | 25.6320112 
432964 | 25.6515107 


434281 


25.6709953 


435600 | 25.6904652 


473344 
474721 
476100 
477481 
478864 
4802419 
481636 
483025 
481416 
485809 
487204 
488601 
490000 
491401 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
502681 
504100 
505521 
506944 
508369 
509796 
511225 


26.8328167 


25.7099203 
25.729460 
25.74878 
25.768197 
25.187697 
25.806979 
25.826343 
25.845696 
26.865034 
25.8843582 
25.9036677 
25.9229628 
25.9422495 
25.9615100 
25.930761 
26.0000000 
26. 0192287 
26.038413 
26.0576284 
26.0764096 
26.0959767 
96.1151297 
26.1342687 
26.1533937 
26.1725047 
26.1916017 
26.2106848 
26.2297541 
26.2488095 
26.2678511 
26.2868789 
26.3052929 
26.3248932 
26.3438797 
26.3628527 
26.3818119 
26.4007576 
26.4196896 
26.438608 
26.4575131 
26.4764046 
26.4952826 
26.5141472 
26.5329983 
26.651836! 
26.5706605 
26.5894716 
26.6082694 
26.6270539 
26.6458252 
26.6645833 
26.6833281 
26.7020598 
26.7207784 
26.7391839 
26.7581763 
26.7768557 
26.7955220 
26.8141754 








nes mm | maman mme mm | OO mecmmmmmmemmmmmetas Ÿ | mmmmunmmens 






519841 
521284 
522729 
524176 
525625 
527076 
628529 
529984 
531441 
532900 
534361 
535824 
537289 
638756 
540225 
541696 
543169 
544644 
546121 
547600 
549081 
550564 
552019 
553536 
555025 
556516 
558009 
559504 
561001 
562500 
564001 
565504 
567009 
568516 
570025 
571536 
5730419 
574564 
576081 
577600 
579121 
580644 
582169 
583696 
585225 
586756 
588289 
589824 
591361 
592900 
594441 
595981 
597529 
599076 
600625 
602176 
603729 
605284 
606811 
608100 





L 


TABLE OF SQUARES, SQUARE ROOTS 


26.8514432 
26.8700577 
26.886593 
26.9072181 | 
26.9258240 | 
26.9143872 
26.9629375 
26.9814751 ! 
27.0000000 
27.0185122 
27.0370117 
27.0551985 
27.0739727 
27.0924344 
27.11084341 
27.1293199 ! 
27.1477439 
2 SU 





27.1815544 
27.2029410 ; 
27.2218152 
27.2396769 
27.2580263 
27.2763634 
27.2916881 
27.3130006 
nano 








27.3195897 
27.3678641 
27.3861279 
27,4043792 
27.42261841 , 
27.4408155 ! 
27.4590601 
27.4772623 
27.4954542 
27.5136330 | 
27.5317998 | 
27.5199516 
27.56#0975 ' 
27.5862284 | 
27.6013475 
27.6221516 
27.6405199 
27.6586334 | 
27.6767050 : 
37.6917618 
27.7128129 
27.1308492 | 
27.1488739 
27.1668868 
27.1848880 
27.8028775 , 
27.820855 ! 
27.8388218 
27.8567766 
27.8747197 
27.8926514 
27.9105715 
27.9284801 








802 
803 
804 
805 
806 
807 
808 
809 
810 
811 
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 

822 
823 
82t 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 
839 
840 


609961 
611524 
6130R9 
614656 
616225 
617796 
619369 
620941 
622521 
624100 
625681 
627624 
628819 
6304136 
632025 
633616 
635209 
636804 
638401 
640000 
611601 
643201 
614809 
646416 
615025 
649636 
651219 
652864 
651181 
656100 
657721 
059344 
660969 
662596 
661225 
665450 
6674 9 
669124 
670761 
672400 
671041 
675681 
677329 
673976 
680625 
632276 
633929 
625534 
687241 
683900 
690561 
692224 
693859 
695556 
697225 
698896 
700569 
102214 
7103921 
705600 


| 














Sqre. root. 


27.9163772 
27.9612629 


27.9821372 |, 
28.0000000 || 


28.0178515 
28.0356915 
28.0535203 
28.0713377 
28.0891438 
°8.1069386 
28.1247222 
28.1424946 
28.1602557 
28.1780056 
28.1957444 
28.2134720 
28.231 1884 
28.2188938 
28.266588] 
28.2842712 
28.3019434 
28.3196015 
23.33725 16 
28.3548938 | 
28.3725219 | 
28.3901 391 
28.4077454 
28.4253108 
28,4429253 : 
28.460 1989 
23.4780617 
28.4956137 
28.5131549 
28.5306952 | 
28.5182048 
28.5657137 | 
nant 








28.6006993 
28.6181760 
28.6356421 


‘28.6530976 , 


28.670512 : 
28.6879766 
28.705 1002 
28.72281 32 
28.7402157 
28.1576077 | 
2.174989 
28.7923601 | 
2» 8097206 | 
23.8270706 
28.8414102 
28.8617394 
28.8790582 
28.8963666 
28.9136616 
28.9309523 : 
28.9482297 
28.9651967 





98 9427535 || 





864 
865 
866 
867 
86% 
869 
870 
871 
872 
873 
874 
879 
876 
871 
878 
879 
880 
831 
8x2 
883 
834 
885 
840 
8x7 
SSN 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
990 


707281 
7108954 
7106549 
712336 
714025 
715716 
717409 
719101 
720801 
722500 
724201 
7259014 
721609 
729316 
731025 
732736 
731419 
736164 
737881 
739600 
741321 
713011 
741769 
7101956 
718225 
749956 
751639 
753421 
755161 
756900 
7586411 
7603814 
762129 
763516 
765625 
767376 
769129 
7170384 
772641 
774400 
776161 
777924 
7171900) 
781156 
783225 
781996 
7367109 
785 44 
790321 
792100 
793381 
195664 
797449 
799236 
801025 
802816 
801609 
806404 
808201 
810000 


a 


——— TS mm 





Sqre. root. 


nee 





29.0000000 


29.0172363 
29,0314623 
29.0516781 
29.0688837 | 
29.086079 
29.1032644 | 
29.1204396 | 
29.1376046 | 
29.1517595 
29:1719043 
29.1890:90 
29.2061637 ; 
29.2232784 
29.2103830 : 
29.2574777 
29.274562 | 
29.2916370 | 
29.3087018 | 
29.3257566 | 
29.3428015 
29.3598365 
29.3769616 
29,3938769 
29.410323 
29.4278779 
29.4149637 
29 4618397 
29.1788059 
29.4957624 . 
29.512709! 
29.5296161 | 
29.51465734 | 
29.5634910 
29.5803939 | 
29.5972972 | 
26.6141858 
29.6310618 , 
29.6179342 
29.6647939 


29.0816442 : 


29.6981843 
29.7153159 
29.7321375 : 
29.7189196 
29.7657521 
29.78251452 
29.7993289 
29.8161030 : 
29.3528678 , 
29.8196231 
29.8663690 
29.8331056 
29.8993328 | 
29.9165506 : 
29.9332591 : 
29.9199583 | 
29.9666481 : 
29.9833287 
30.0000000 | 











| 





OF NUMBERS FROM 1 To 1600. 






































eee mes 





Sqre. root No. 
901 {811801 | 30.0166621 || 961 
902 | 812604 | 20.0333148 ||. 962 
903 ‘815109 30.049958 | 953 
904 | 817216 | 30.0665928 || 964 
905 |819025 | 30.0832179 || 965 
906 | 320836 | 30.093339 | 966 
907 :822649 | 30.1164407 !| 967 
908 | 24461 | 30.1330383 || 968 
909 | 826281 | 30.1496269 || 969 
910 1828100 30.1662063 || 970 
911 1829921 | 30.1#27765 || 971 
912 |831744 | 30.1993377 || 972 
913 | 833569 | 30.2158899 || 973 
914 |8:35396 ! 30.2321329 || 971 
915 |837225 | 30.2189669 || 975 
916 |! 839056 | 30.2651919 | 976 
917 181039 | 30.2320079 ;| 977 
918 1842724 1 30.2935148 | 978 
919 |814561 30.3150128 || 979 
920 | 816400 ! 30.3315018 || 980 
921 | 818241 | 30.3179818 || 981 
922 | Sup. 30.3641529 || 942 
923 |8351929 | 30.3809151 || 983 
924 ‘553776 : 30.3973683 | 981 
925 [855625 | 30.4138127 | 985 
926 |857476 | 30.4302181 || 986 
927 859329 | 30.4466747 || 9e7 
928 ! 861184 1! 30.1630921 || 998 
929 | 863011 ° 30.4795013 || 989 
930 | 261900 : 30.1959014 | 990 
931 |866761 : 30.5122926 || 991 
932 [868624 | 30.5286750 | 992 
933 [8710159 30.5150487 | 993 
934 |872356 | 30.5614136 || 994 
935 1874225 | 30.5777697 || 995 
936 ‘876096 | 30.5941171 || 996 
937 1877909 | 30.6104557 !| 997 
938 [5794144 , 30.6267857 || 999 
939 |881721 30.6431069 || 999 
940 | 833600 : 30.6591194 1 1000 
941 !885181 : 30.6757233 ‘| 1001 
912 837364 | 30.6920185 | 1002 
943 | 889249 | 30.708:3051 :, 1003 
944 |891136 | 30.7215830 |! 1001 
945 |893025 | 30.7109523 |! 1005 
916 1894916 30.7571130 | 1006 
947 !896303 30.773651 |: 1007 
918 | 898701 : 30.796086 | 1008 
949 : 900601 | 30.8058436 || 1009 
950 1902500 : 30.8220700 ,| 1010 
951 | 904401 : 30.8382879 '| 1011 
952 | 906304, 30.8544972 | 1012 
953 | 208209 ! 30.8706981 || 1013 
954 | 910116 : 30.8368904 || 1014 
955 | 912025 ' 30.9030743 | 1015 
956 [913936 30.9192477 || 1016 
957 [915819 30.9351166 || 1017 
958 |917764 : 30.9515751 || 1018 
959 | 919681  30.9677251 || 1019 
960 | 921600 | 30.9838668 || 1020 


Square. 


Sqre. root. 


——…““—memntes D memes 


923521 
925444 
927369 


31.0000000 
31.0161248 
31.0322413 || 1023 


929296 
931225 


31.0183494 
31.0644491 
933156! 31.0805405 
935089! 3: .0966236 
937021! 31.1126984 
938961! 31.1287648 
910900! 31.1448230 
9128411 31.1608729 
914781] 31.1769145 
946729] 31.1929479 
918676! 31.208973 
950625! 31.2219900 
9525761 31.2409987 


951529, 31.2569992 || 
95614841 31.2729915 |: 


9584141! 31.2839757 || 


960400! 31.3049517 
962361! 31.3209195 
964324! 31.3368792 
966249] 31.3528308 





9682561 31.368774 |. 


970225; 


972196 
971169 
976144 


9781211 31.4183704 
980100! 31.4612654 


982081 
981064 
936019 
938036 
990025 
992016 
991009 
996001 
1998001 
1000000 
1000201 


1004004! 31.6543836 || 1062 


1006009 
1008016 
1010025 
1010036! 
1014049 
1016064 

101#081 

1020100 
1020121 

1024144 
1026169 
1028196 
1030225 
1032256 
1031289 
1036321 

1038361 

1040400 





31.3847097 
31.4006369 
31.4165561 
31.4324673 


31.4801525 | 
31.4960315 
31.5119025 | 
31.5277655 
31.5436206 || 
31.5594677 
31.5753068 
31.5911380 |! 1058 
31.6069613 || 1059 
31.6227766 |! 1060 
31.6385340 | 1061 


31.6701752 ‘| 1063 
31.6859390 ‘ 
31.7017319 
31.7175030 
31.733263 
31.7490157 
31.7647603 
31.7801972 
31.7962262 
81.8119474 | 
31.8276609 
31.8433666 | 
31.8590646 | 
31.87147549 | 
31.8904374 : 
31.9061123 
31.9217794 : 
31.9374388 ! 


1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 


pi 
oo 2 








10421111 31.9530906 
1044181 31.9687347 
1046529 3198437192 


1018576 
1050625 
1052676 
1054729 
1056781 
1058841 
1060900! 
1062961 

1065024 

1067089 

1069156 

1071225 

1073296| 
1075369] 
1077444! 
1079521 
1031600 
1083681 
1085764 
1037819 
1039936 
1092025 
1091116 
1096209 
1098304 
1100101 
1102500 
1104601 
1106701 
1108899 
1110916 
1113025 
1115136 
1117249 
1119364 
1121481 
1123600 
1125721 
1127844 
1129969 
1132096 
1134225 
1136356 
1138159 
1140624! 
1142761 

1144900 
1147041 

1149184 

1151329 
1153476 

1155625 

1157776 

1159929 
1162084 

1161241 

1166400 








32.0000000 
32.0156212 
32.0312318 
32.0468407 
32.0621391 
32.0780298 
32.0936131 
32.1091877 
32.1247568 
32.1403173 
32.15658704 
32.1714159 
32.1869539 
32.202481{4 
32.2180074 
32.235229 
32.249031 0 
32.2615316 
32.2800218 
32.2955105 
32.3109883 
32.3261598 
32.3419233 
32.3573194 
32.3728281 
32.3832695 
32.403703 
32.4191301 
32.4345495 
32.4499615 
32.4653662 
32.4807635 
32.4961636 
32.511564 
32.5269119 
32.5122802 
32.5576412 
32.5729919 
32.5883416 
32.6036807 
32.6190129 
32.6313377 
32.6496554 
32.66 19659 
32.6802693 
32.695554 
32.7108544 
32°7261363 
32.7414111 
32.1566787 
32.7719392 
32.7871926 
82.8024398 
32.8176782 
32.8329103 
32.8481354 


32.8633635 





8 TABLE OF SQUARES, SQUARE ROOTS 





No. | Square. | Sqre. root. || No. | Square. 


meme | unes) | | mem | mms 


Sqre. root. | No. |Equare. | 8qre. root. || No. | Square. | Sare. root. [| No. | Square. | Sare. root | 

1081 | 1168561] 32.8785644 || 1141 | 1301881] 33.7786916 || 1201 | 1442401 
| 

| 


No. | Square. 


Sqgre. root 














34.6551469 
1082 | 1170724! 32.8937684 || 1142 | 1301164) 33.7931905 |! 1202 | 1444804 | 34 se 
1083 | 1172889] 32.9089653 || 1143 | 1306449, 33-8082830 || 1203 | 1447209 | 34.6842904 
1084 | 1175056! 32.9241553 || 1144 | 1308736, 33.8230691 || 1204 | 1419616 | 34.698701 : 
33.8373186 || 1205 | 1452025 | 34.7131099 

1086 | 1179396! 32.9545141 |! 1146 | 1313316) 33.8526218 |, 1206 | 1454436 | 34.7275107 
1087 | 1181569] 32.9696830 || 1147 | 1315609| 33.86738&4 
| 

| 


1088 | 1183744! 32.9818450 | 1148 | 1317904! 33.8821487 





1085 | 1177225] 32.9893382 |! 1145 | 1311025 
34.7419055 


1207 | 1456849 
1208 | 1459264 
1209 | 1461681 
1210 1464100 
1466521 
1468944 
1471369 


34.7562944 
34.7706773 
34.7850543 
34.7991253 
34.8137904 
31.8281495 
34 8125028 
34.8568501 
34.8711915 
34.885527] | 
34.8995567 | 


1089 | 1185921] 33.0000000 || 1149 | 1320201 | 33.8969025 
1090 | 1188100! 33.0151480 || 1150 | 1322500! 33.9116499 
1091 | 1190281! 33.030289} || 1151 | 1324801! 33.9263909 
1092 | 1192464) 33.0454233 || 1152 | 1327104] 33.9411255 
1093 | 1194649} 33.0605505 || 1153 | 1329409] 33.955537 
1094 | 1196836; 33.0756708 :| 1154 | 1331716| 33.9705755 | 
1095 | 1199025! 33.0907842 :| 1155 | 1334025] 33.9852910 
1096 | 1201216! 33. 1055907 | 1156 | 1336336! 34.0000000 : 
1097 | 1203409! 33.1209903 | 1157 | 1338649: 34.0147027 








147379 
1476225 
1478656 
}481089 
1098 | 1205604 33.1360830 || 1158 | 1340964] 34.0293990 
1099 | 1207801! 33.15:1689 || 11659 | 13143281! 34.0140#90 
1100 | 1210000! 33.1662479 || 1160 | 1315600! 34.0587727 
1101 | 12122061! 33.1813200 || 1161 | 1347921! :34.073150L 
1102 { 1214404! 33.1963853 1+62 1350244! 31.088121] 
1103 | 1216609% 33.2114438 13525691 34.1027858 


11483524 
1485961 | 34.9141»x05 
34,9284954 
34. "DADEYRA : | 
34.9428104 
34.9571166, 
34.9714169. 
34.9857114 | 
35.0000000 
35.0112828 
35.0285598 
35.0128:309 
35.0570963 
35.0713558 
35.0856096 
35.0998575 
35.1140997 
35.1283361 
35.1425568 
35.1561917 
35.171010 
35.1852242 
35.1994318 
35.2146337 
35.2218299 
35.2420204 
35.2562051 
35 .270: 2842 | 


1458400 





1490841 
| 1493284 
| 1495729 
1104 | 1218816) 33.2266955 || 1164 | 1354896) 34.1174442 || 1224 | 1498176 
1105 | 1221025) 33.2415403 || 1166 | 1357225) 34.1320963 
1106 | 1223236) 33.2666783 || 1166 | 1359556) 34.1467422 
1107 | 1225449) 33.2716095 || 1167 | 1361889) 34.161817 
1108 | 1227664) 33.286639 || 1168 | 1364224] 34.1760150 
1109 | 1229881) 33.3016516 || 1169 | 1366561| 34.1906420 
1110 | 1232100! 33.3166625 || 1170 | 1368900! 34.2052627 
1111 | 1234321 1171 | 1371241) 34.2198773 
1112 | 1236544 1172 | 1373584) 34.2344n55 
1113 | 1238769) 33.3616546 || 1173 | 1375929] 34.2490875 
1114 | 1240996! 33.376686 || 1174 | 1378276] 34.2636834 
1115 | 1243225! 33.3916157 || 1175 | 1380625) 34.272730 
1116 | 1215456! 33.4065862 || 1176 | 1382976) 34.2922564 
1117 | 1247689! 33.4215499 || 1177 | 1385329) 34.3074336 
1118 | 1249924) 33.4365070 || 1178 | 1387684] 34.3220046 
1119 | 1252161) 33.4614673 || 1179 | 1390041) 34.3365694 
1120 | 1264400] 33.4664011 || 1180 | 1392400! 34.351 1281 
1121 | 1256641) 33.4813381 || 1181 | 1394761) 34.3656505 
1122 | 1258884) 33.4962684 || 1182 | 1397124) 34.3802268 
1123 | 1261129) 33.6111921 || 1183 | 1399489) 34.3947670 
1124 | 1263376] 33.5261092 || 1184 | 1401856) 34.409301 
1125 | 1266625) 33.5410196 || 1185 | 1404225) 34.4238289 
1126 | 1267876] 33.6559234 || 1186 | 1406596) 34.438507 
1127 | 1270129, 33.5708206 || 1187 | 1408969) 34.4528663 
1128 | 1272384) 33.6855112 || 1188 | 141+344| 34.4673759 
1129 | 1274641! 33.6005952 || 1189 | 1413721) 34.4818793 
1130 | 1276900! 33.6154726 || 1190 | 1416100! 34.4963766 
1131 | 1279161) 33.6303434 || 1191 | 1418181) 34.510678 
1132 | 1281424) 33.6152077 || 1192 | 1420864) 34.5253530 
1133 | 1283689) 33.6600653 || 1193 | 1423249] 34.5398321 
1134 | 1285966] 33.6749165 || 1194 | 1425636] 34.5543051 
1135 | 1288225| 33.6897610 || 1195 | 1428025) 34.5687720 
1136 | 1290496] 33.7045991 || 1196 | 1440416] 34.5832329 
1137 | 1292769 33.7194306 || 1197 | 1432809) 34.5976879 
1198 | 1436204| 34.61 21366 
1199 | 1437601! 34.6265794 
1200 | 1440000! 34.6410162 


1500625 

1503076 

1605529 

1507984 
‘1610441 
1512900 
1515361 
1517824 
1520289 
1522756 
1525225 
1527696 
1530169 
1532644 


33.3316666 
33.3466640 





1540081 
1542564 
1515049 
1547536 
1550025 
1552516 
1555009 | : 
1557509 
156000! 
1562500 
1565001 ; 
1567504 | 
1570009 
1672516 
1575025 
1571536 
1580019 
1582564 ; 
1586081 
1587600 


35.3128872 : 
35.3270435 
35.3411941 
35.3553391 
35.364784 
35.38361 20 
35.397740 
35.4118624 
39.425972 
35.4400903 
35.4541958 
35.46K2957 
35.4823900 


1138 | 1295044! 33.7340556 
1139 | 1297321] 33.7490741 


1239 | 1545121 
1240 | 1537600 
1140 1 1299600! 33.7638860 








End 


"Le 


1261 





No. | Square. 
l'1590121 


12602 : 15926 44 


1263 


1595166 


1264 | 1597696 
‘1265 : 1609225 
1266 ; 1602736 

| 1603239 
11268 1607824 
1269 1610361 


| 1265 


1270 
1271 











1230 
1231 
1232 : 
11253 

















1612900 
16:31441 
1617954 
: 1629329 
1623076 
, 1625625 | 
| 1623176 
16:30729 
1633234 
16358 4H 








OF 


Sqre. root. 


33.9105613 
39.9216393 
33.3387113 
35.55271117 
32.0668:3N5 
33.5808937 
35.949134 | 
33.0089376 ! 
35.6230202 | 
39.643:0.593 : 
32. 6310859 | 
335.6631090 | 
39. 6791255 | 
3.6931306 | 
35. 7071421, 
32.7211422 ! 
39.1-331307 ! 
30.7191253 
HD. 1631035 | 


1633100 ! 35. 1770316 | 
1640961 | 35.791003 
: 1643524 | 35.050276 
, 1646089 | 35.818#9391 


1613656 
16951225 
160331) 
1650309 
1653914 
1661521 
1664100 
1666681 
1659254 
1671819 
1674436 
1671025 
l67%lu 
1v32209 
1631304 
1635401 
1690000 
1692001 
169520+ 
1693309 
1300416 
17030235 
1:056306 
1108219 
1710864 
1713131 
1716100 
1718721 
1721344 
1723969 
1726596 
1729225 
1731856 
1734189 
1737121 
1539361 
1742100 


33.N603421 
32.S337109 
39.9163099 
| 39.930 1334 


35.9722115 


33.3:329157 
39.81639%06 





39.8717922 
35.902616! 


33.9 LOS 
39.99%3092 


39.936 1034 
36.000000 
3ù 013302 
30.)271011 
30.0416 426 
36.055512 
36.066937 16 
36.082371 
36.0970913 
306.1109102 
30.12178:37 
36.1380220 
36.192150 
36.1662826 
36.1801050 
36.1939221 
306.2077340 
36.22135106 
36.23353419 
30.2191379 
36.2626287 
30.2167113 
30.290194 ; 
36.301%697 
30 51 80.390 

36.3318042 


oo 





N 





1321 
1322 
1323 
1324 
1325] 


1326 
Ê 


1316 
1347 
1343 
1349 
1350 
1351 
1352 
1353 
135 | 
1355 
1356 
1357 
135% 
1359 
1360 
1361 
1362 
1363 
1361 
1365 
1:36ù 


1367! 


1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1356 
1377 
1378, 
1379 


Square. 


1745011 


1717684 
1759329 
1752976 
1753623 
1753276 
1750929 
1703584 
1766241 
1763900 
1771561 
1774224 
1776889 
1779556 
1782225 
1781896 
1737569 
1790244 
1792921 
1795690 
1798281 
18009614 
1 03649 
1805336 
1809025 
1311716 
1814109 
1817104 
1819301 
1822500 
18235201 
1327904 
1330609 
1833316 
18360025 
1838736 
1811149 
1814164 
18160981 


Sqre. root. 


36.3155637 
36.3393179 
36.3730670 
36.386104 
36.400549 14 ' 
36.442329 : 
36.4230112 | 
36.4417343 
30.455152 
36.4691650 | 
36. 1823527 


1 ,) | 


DS 5102725 





36.5376518 | 
30.5513333 
36.5620106 
36.0130323 


36.59231499 
35.606010 t 


36.619%6003 


36.633318 
30.646965 44 || 
36.6605036 | 
36.0712416 


30.6373726 
30.7014936 
1 res 


30.1237353 
36.712316! 
36.7939519 : 
36.7095525 ! 
36.7831493 
36.7967390 : 
36.8103240 . 
36.823905: 


36.5239047 : 





NUMBERS rRax 1.To 1600. 


No. 





1381 | 1907161 





Square. | Sqre. root. 


1332| 1909924 
13331 1912839 
13311 19154156 


1335 
1336 
1337 
1333 
1339 
1390 
1391 
1392 
1393 
1394 
1395 
1396 


L397 | 


1:393 
1399 
L 100 
1491 
L{02 
nt 
140 
1105 
1400 
L407 
1403 
1409 
1410 
1411 
L412 
1413 
1414 
1415 
1416 


36.871809 : | 1417 


30.8510514 
36. 3616172, 


1849600 | 36.8781778 | 


1852321 
8550 11 
1857769 
[860 190 
1803223 
1859956 
1868689 
1871424 
1874161 
1370900 
1879641 
1832384 
1885129 
1887876 
1890625 
1893:376 
1893129 
139838 L 
[9016 41 


13530| 1904400 





30.8 8917335 | 
30.9052942 | 
36. 3183299 
26.9322706 ! 
36.91459064 
36.9591372 
30.972963 


-36.936 {48410 


37.0000000 
37.0135110 
37.0270172 
37.0105184 
37.0540146 


37.08999214 
37.0941740 
37.1079506 
37.1214221 
37.L348893 
37.148312 


re 


1418 


1419! 


1420 
1421 

1422 
1123 
1424 
1125 
1426 
1427 
1428 
1429 
1430 
1431 
1432 
1433 
1134 
1435 
1436 
1437 
1433 
1439 
1440 


1918223 
1920996 
1923769 


1926544 |3 


1929321 
1932100 
1934881 
193706 £ 
1910119 
1943230 
1916023 
1913316 
1951609 
19511014 
1957201 
1960000 
1952301 
1955604 
19534109 
1971216 
1971023 
1970330 
1979549 
1932464 
1935231 
1933100 
1990921 
1993744 
1996369 
1999390 
2002225 
2005056 
2007389 
2010724 
2013661 
2016400 
2019241 
202208 
2024929 
2027776 
20306235 
2033476 
2036329 
2039181 
2042041 
2014900 
2047761 
2050624 
2053189 
2050356 
2069225 
2062096 
2051969 


37.161808! 
317.1752606 
37.1887079 
37.2021505 
37.2155881 
37.22930209 
37.2221489 
7.2558720 
37.2692903 
37.2327037 
37.2951124 
31.3095162 
37.3229152 
37.3363094 
37.3196933 
37.363083 4 
37.3764632 
37.3393:382 
37.4032034 
47.4165738 
37.4299:345 
37.4432904 
31.4566416 
37.4699330 
37.48333296 
37.496665 
37.5099987 
37.523326! 
37.5300187 
37.5199667 
37.6632199 
37.5765383 
37.5398922 
37.6031913 
37.6161857 
37.6297764 
37.61430604 
37.6563407 
37.6696164 
31.6328374 
37.6901536 
31.1091153 
37.7226722 
37.1359215 
37.17491722 
37.1021152 
31.715653 
37.1338873 
37.8021163 
37.8163408 
37.8235606 
37.8117759 
37.8519864 
37.8681924 
37.8813938 
37.8915906 
47.9077828 


2067844 137.9209704 


2070721 


2073000 137.9473319 


te re 





47.341535 











2076181 
2079361 
2082219 
2085136 
2088025 
2090916 
2093809 
2096701 
2099601 
2102500 
2105401 
2108304 
2111209 
2114116 
2117025 
2119936 
2122849 
2125:64 
2128681 
2131600 
213152] 
2137444 
2110369 
2143296 
3146225 
2149156 
2152089 
2155021 
2157961 
2160900 
2163841 


2166754 


2169729 
2172656 
2175625 
2178576 
2181529 
2181484 
2157411 
2190 100 
2193361 
2196321 
2199259 
22022556 
2205225 
2208196 
2211169 
2214141 
2217121 
2220100 
2223081 
222600! 
2229019 
2232036 | 38.6522962 [| 1 1 NH | 


TABLE OF 


31.960505 
37.9736791 
37.YS0N:398 
38.0000000 
38.0131556 
38.026007 
3S.0391532 
25.052; 5982 
3N.0657:326 
33.0788655 
33.0919939 
38.1051178 
38.112327! 
38.1313519 
3N.1411022 
38.137561 
38.170669: 
38.1837602 
33.196 585 
3N.2099 16: 
33.22:30297 
38.230108 
58.2 191829 
38.2622529 
38.275318 
38.288379! 
38.301 1360 
58.414158 
38.327545 
38.310570 
35.3530178 
3N.3666522 
38.3796N21 
38.3927076 
38. 4057287 

38.41374354 
3843175717 
38.4147656 
38. 4577691 

33.4107681 
38.4837627 
38,1967530 
35. 5097320 
3N.5227206 
35.5326977 
38.51#6705 
38.561653 9 
39.5716030 
38.5#75627 
3S.6005181 
33.6131691 
38.0261158 
38.6393582 
38. 6522962 


———_—— 2 ————— ro 0 en do 
qq 2 © 


£QUARES, SQUARE ROOTS 


Sqnare. 


——_—_—_———_—_ mn À mecs | |'mmmmmmmsm À mmemnemmmmemmmmmmmu— Ÿ  mmemmmemmmmem… mes | | ammu——" 


2235025 
2238016 
2241009 
22114004 
221700T 
2250000 
22353001 
225600! 
2259009 
2262016 
22655025 
2268031 
2271019 
2274061 
2277081 
22#0100 
2243121 
22 6141 
22#9169 
2292196 
2295225 


2298256 


2301289" 


2501334 
2307361 
2310100 
2313111 
2516181 
2319529 
2322570 
2325029 
23226710 
2331729 
2334784 
233781] 
2310900 
2313961 
2317024 
235009 
2353156 
2356223 
2359296 
2362369 
2365444 
23689521 
2311600 
2374681 
237776 LÉ 
23805419 
2333936 
2397025 
2390116 
2393209 


—— 


Sqre. root. 


3N.6652299 


3N.07819593 
38.610813 
3 .70 10050 
33.7169214 


3N. 1298335 


38.7427412 


38.7556447 


38.762139 
38.191435S9 
3N.1913294 
38.803215 


38.820097 * 
DNNS529797 
383.8 155191 
3N.SoNTISTE 
19.8715KR3E 
3N.SS 11142 


3.897:1006 : 


33.9101529 
3N,923000 
NS TOON 147 
38. JISGN I 
39.961519 1 
3%.9743505 
59.0#71774 
39 .0000000 


39.012S184 : 


39.0256326 
39.0554126 

39.0512183 
39,06 10199 


39.076947 | 
39 .0896406 








1578 
1679 
110 
1531 





39.1024296 || 15<2 


39.119521 14 
39.127995: 
39. 1107716 : 
39.1535139 
39. 1663120 
39. 1790760 | 
39. 1918459 | 
39. 2045915 | 
39.2173131 
39. 2300905 
39.2428337 
39.2555728 
39. 2683078 
3). 2810: 191 
39. 29376951 
39.306 18580 
39.3192065 
39.3319208 


15$3 
15%! 
1585 
156 
1537 
1588 
1589 
1590 
1591 
1592 
1593 
15914 
1595 
1596 
1597 
1598 
1599 
1600 


2396304 
2399101 
2102500 
2105601 
240704 
2HH1R09 
2111916 
2118025 
2121136 
2121249 
2127461 
2430181 
21334600 
2136721 
2159SH4 
2112969 
2116096 
2419225 


21523356 


Sqre. root. 


39.3446311 
39.3513413 
39.370091 
39.382737 
39.3951312 
39.4081210 
39.420067 
39.433195, 
39.41601658 
39.458393 
39.471207 
39.48 11710 
59 A06N35A 
39.50941925 ,: 
39.522145e 
39.5:541791S 
39.547199 
39.5600809 
39.572717 


2195189 | 59.5833508 


2458621 
215170! 
2151900 
2168011 
2471184 
2171519 
2177455 
2180525 
21N83716 
2186929 
219001 
2495211 
2195100 
2199561 
2302724 
250589 
2509055 
2512225 
2515396 
2515569 
2521714 
252492] 
2528100 
2531281 
253116! 
2531019 
2510836 
2541025 
2517216 
2550 109 
2553004 
2556 01 
2560000 


39.5979797 
59. 6106016 
59. 62 2: 3225 39 
39.v395121 
39.6 181532 
39.606106 40 


,39.6736083 


39.6N62698 | 
39.6939665 | 


39.7114593 


39.721011 
39.7366:329 
39.719213 
39.7617907 
39.77456030 
39. 7693: 25 
34,7994950 
39.81 205N5 
39.8211135 
39.831066 16 
39. 819 }ilt d 7 { 
39.8022028 
39.874010 
30 8N73113 
39.H99N717 
39.912104! 
39.9219295 
30.937451 
39.9199687 
39.95 24S24 
39.971992 ; 
39. YNT4YSD 
40.0000000 


——— 


EE ….—… …—… — .—…_."_ __————“.-_.…….—.……._… —! 


TABLE rtf. à. 


AREAS OF CIRCLES, FROM #% TO 150. 





[Advancing by an Eïighth.] 


Diam. | Area. 


——___—_—_—_—_— —————_—_—__——__ Qu pm me mm | mmmmsn | meme | | mme 


12.5664 |110. 


pt 


Se ee See” Ke fetes ae de de Xe 


ü 


DE me me DE mo de ane de me ge ee fe me D SE 


01227 
02761 
01909 
0767 

11045 
15033 
.196:5 
2485 

30679 
37122 
11158 
.b1818 


60132 
69029 
1854 
.99102 
1.2271 
1.4848 
1.7671 
2.0739 
2.4052 
2.7611 
3.1416 
3.51635 
3.976 
4.4302 
4.9087 
6.4119 
5.9395 
6.4918 
7.0686 
7.6699 
8.2957 
8.9162 
9.621! 


ou a . e . e e. 
Rae bien ele be enr ect 


\t 


ES 


Ve 
©œ 


@ 


RENE CR NT De 


à 
+ 


eo 


Cr 


SKK 


13.364 

14.1862 
15.033 
15.9043 
16.8001 
17.7205 
18.6655 
19.635 

20.629 

21.6175 
22.6907 
23,758: 
24.4505 
25.962 
27.105 
28.2741 
29.4647 
30.6796 
31.9192 
33.143 
34.4717 
35.1847 
37.1224 
38.1846 
39.8713 
41 ,2825 
42.7184 
44.1787 
45.66:36 
47.173 

48.707 

50.2656 
51.846 
53.4562 
55.0885 
66.7451 
53.4264 
60.1321 
6L.8625 
63.6174 
65.3J68 
67.2007 
69.0293 
70.8323 
72.7599 
74.662 

76.5887 


Dium. | Area. Diam 
78.54 ||1G. 
1g | 80.6157 || .K 
4 | 82.516] 24 
36 | #14.5109 || .34 
4 | 86.59 K 
56 | 88.6643 || ,54 
.34 | 90.7628 || 37 
T% | 92.858 || .% 
11. 95.03314 ||17. 
6 | 97.2055 4 
4 | 99.4022 || . 
38 |101.6234 É 
[1038691 [| 1$ 
56 1106.1394 || 5 
34 (LORS || 3 
à |110.7536 5 
12. 1113.09 ||18. 
16 |115.166 DA 
4 [117.859 4 
> 120.276 36 
1$ [122.718 LS 
36 |125.184 A 
34 [127.676 3 
% l\ao192 || :% 
13. |132.733 |119. 
7 135.297 # 
J4 [137.886 . 
34 140.5 Er 
\$ [143.139 £ 
78 115-802 28 
34 [118.48 34 
% listvo1 || :% 
He, 153.938 2. 
16 [156.699 s 
24 159.435 4 
36 [162.295 38 
1$ [165.13 .L£ 
36 1167.99 38 
34 [170.873 34 
% |173.782 .% 
15. 176.715 ||21. 
Hé [179.672 K 
“4 182.654 4 
4% |185.661 Er: 
.1£ |183.692 L£ 
5 oues | 
7% 97.933 || :% 


201.062 ;22. 


204.216 
207.391 
210.597 
213.825 
217.073 
220.353 
223.654 
226.981 
230.33 

233,705 
237.104 
210.523 
243.977 
247.45 

250.917 
251.407 
258.016 

261.587 

265.182 

265.803 
272,447 
276.117 
279.811 


283.529 |125 


287.272 
291.039 
291.831 
293.618 
302.189 
306.355 
310.245 
314.16 

318.099 
322.063 
326.051 
330.061 
334,101 
333.163 
342.25 

316.361 
350.497 
361.657 
355.841 
363.051 
367.284 
371.643 
375.826 











N2 
© 


Sriesege leteie” joie taie lait idee faire ”ieñeieieieie 


© 
Ler) 


RCE | SERRE 


380.131 
381.465 
383.822 
393.203 
397.603 
402.033 
406.493 
410.972 
416.477 
420.00t 
424.557 
429.135 
433.731 
438.363 
413.014 
417.699 
452.39 

457.115 
461.864 
166.638 
471.436 
476.259 
481.106 
485.978 
490.875 
495.196 
500.741 
605.711 
510.706 
515.125 
620.769 
525.837 
630.93 

536.047 
611.189 
516.356 
651.547 
556.762 
562.002 
567.267 
672.557 
677.87 

583.208 
588.571 
593.958 
599.376 
601.807 
610.268 


12 
AREAS OF CIRCLES. 


TABLE.—(Continued.) 


Î 


Dian. 


Area. 

































28. | 615.754 ||35 96: 
et | 2.115142. | 1385 
dé |521263|| .1 . | 1385.44 |19. 25.74 |ls 
24 | 625 JB 18 CERTES 4 | 1393.7 6 ar 56. 2463.01 
$ 632.357 Ér USD 842 {4 1401.98 4 L9C5.03 "8 2474.02 
5 | 637.911] .15 | 989.8 82 | 141029! 38 | 19147 24 | 2485.05 
56 | 643.519] !5 | 996.783 | 14I863| lé Mortal 8330 
87 | Gao182| !34 | 1003.79 1% l'iuavcos || 5 livsti5 | 54 2507.19 
28 | 654.839 | 56 | 1010.822 Hi |n3536| 5 | Ina 36 | 21183 
29. | 660.521 126. | 1017.878 |13. 1443.77|| 2% | 1953.69 34 | 2529.43 
6 | 666.227| .1j 1024959 | 1 1452.21 [150 | 1963.5 ls Te | 2510.54 
8 | éirTa nl 36 io + lors as 01e | 2302 07 
| grrniall 5e |1039.195 || 5e DO 6 | locatall 28 | 2012 
ne Légal 2e [1046319 | 1 8 | loue | 49 | 2003 à 
3 689.298 56 |1053.528 ge | Hi 16 | 2002.97 1 | 200 1) 
° 95.128 3 KR ‘ DD 78 ° ? « , { { 2 . ° 
3% | To0.ss1| % 1oo.Ta2 || 3 | 1508.3 | Duras 2 | 20186 
30: | 706.86 l'37. | 1076.213 2% listio | :25 | 203282 | % 2619.36 
M | 712.762] .K 1082 49 | 1520.53 /151. 2012 82 || Ze | 2630.71 
da | 718.69 VU 1089.792 | 18 1529.18 Lg D52 85 lo 1 2642.09 
8e | 724.641 ‘8 1097 11 É 1537.86 54 | 20629 | 16 | 2653.19 
Se |'race1ol (56 lili | 5 15552%| 1e | 2083.08 36 | 2676.36 
34 | 142.644] .3 Luigi | 3 1561.03|| .6 2093 2 | 6 | 2687.81 
2% | Ts69 | :56 [1126668 | .$ 1672.81| :3/ | 2103.35 | !3 2699-13 
1 | 754169 387 |1134.118 58 lisser) 2e | 2013.52 | :% 2110.86 
| 760.868 .XK 1141 59 15904352. 2123 72 ls Je | 2722.4 
42 | 766.992! 34 |1149. LU ag 1599.28 À 16 | 2133. 59. | 2733.98 
38 | 97: 54 |1149.080 | 5 | 1608.13 16 | 2133.94 À 16 | 2745 
«78 773.14 36 1156 612 7/4 1608.15 4 2141! 19 | +. 8 2745.57 
ue | 719.313|| .%K 1164159 78 16170121 32 | 215146 44 | 2157.2 
& | ra5:51 | $ |1i71781 | :$ 1625971 1, | 2161.76: % | 2768.81 
34 | 791.782] 3 ing aus ‘4 1624.92 56 | 2175 0% | 4 | 2180.51 
.% |, 797.978 7 | 1186948 4 164389 | 37 | 218542 | 2792.21 
90° l'801:25 |39.” | Las tan | TR | 1652.88) 7 | 2193.79! à | 2803.93 
6 | 810.545| 15 |1202.263 | 1661.91 2195.70 | «6 | 2815.67 
1 | 816.865|| 14 | 1209.958 M | 167095) 16 2205.19 160... | 2827 Ai 
14 | 829.578 1 Dose | Lesg 1 | 36 | 223782 36 2851.05 
5 | 835.972|| 56 |1233.188 dé | 1698.23! Le 51801 2 2862.89 
2% | 82390! ‘37 | 1240. 8% |1707.37|| 54 | 22595: dé | 2874.76 
74 34 |1240.981 | 3 4 | 2258.54 | 56 | 2 
7% | 8188331] .7 | 1248.79 3% | 1716.54, .35 | 2269.07 28 | 2866.65 
33: | 855.301 |40. ss 6 | 17508 A |pnwil 4 2898.57 
16 | 861.792 :16 [12645 | | 1734.95 ot 4 | 205 
4 | 868.309! .#j 1272 39 6 |174418| 300 80 2 2922.47 
82 | 814.85 || 34 | 1280.31 M6 [1753.46 46 | 231148 5 293 1.46 
1e | 881415 1 | 1288.25 36 | 1762.73 Go 26 
5 | 888.005! 54 [1206.21 | 5 1772.05 14 | 232283 | 2958.52 
48 | 894.62 || 37 | 1304: se larsliaull (52 | 231355 22 | 2910.58 
-4 . .37 | 1304.2 8 | 3-90 7 5% | 2313.55 5 | Sous e 
7 901.259 A | 1312 34 | 1790.76 ar | 2354: | 78 2982.67 , 
./8 21 7 74 351.28 37 0: 
34% | 907.922 |41.° | 1320.26 |118.° 1800.14 || :52 | 2365.05 | .% 2994,78 
ié | 914.61 À 1328.32 || | 1809.56 ||35.* | 2475.83 (62. 3005-12 
8 |o21.323 | 52 | 13364 36 | 1818.09! 16 | 2366.66 | 3019.08 
35 | 028.06 | :59 | 134451 4 | 182846! 2350-66 | 16 | 3031-26 
Fe ages) 1 [135265 | ‘1 aaronl 3 | 240831 3 | 305571 
52 | 941.609 | .56 | 1360.81 6 [184745] 1 og] 76 | 2009 
2e | 8419) :3{ 1369. 1% lissoo! 5 | 23018 | 3067.97 
43 | 965.255] .% [1377.21 37 | 1866.55|| .3, | 2441.07 +3 | 3080.25 
"78 F1" % |1816.13|| .% | 2452.0: 34 | 3092.56 
«Te 1 2492.08.11 74 | 8101.89 

















TABLE II. b. 


CIRCUMFERENCES OF CIRCLES, FROM 4, TO 160. 






















































LAdvancing by an Eighth.] 
| Diar.| Cireum. || Diam.| Cireum. || Diam.| Cireum. ||Diam.| Cireum. | Diam. | Cireum. 
de | cosoo 4. |12.5664/h0. |a1ai6 ie. |50.2656 22. | 69.162 
ossir || “6 1122501 | ‘16 | 318087) 26 | 50:6583 || 2 | 69:6078 
LR 14 | 182618 322014 || {| 51051 | 5 | 69.9066 
Flan] él) les) dise) 21h 
do or | SE | Lésago| ‘56 | S3a7es 18 | 52.229 || :S | 710787 
do css | 561496) ‘3/1 age] 35 | s2628 | ‘sé | r1aris 
4 | ms || 2% |153163| 2% | aiieso| (2 | 630145 | 3 | 118641 
15.708 |11* | 34.557617.” | 53.4072 ||23.° | 72.2568 
F5 | 981% ‘16 | 16.107 || ‘26 | 34.9503 Lg | 53.7999 || .16 |-72.6495 
ñ jure | iasa) 4 | 565 [sales | 5 |Tsou 
A lusnms| | less | 3 | 35. Sa | 545853 || $ | 73. 
6 [arores || ‘16 | 36. dé [ougms || 16 | 738276 
à [16708 || “$ |ire7i5 | 5 | 56:52 # 55.3707 || .56 | 74.2203 
% latens| <$$ lisoëi2| 56 | 36. 8j | 657681! 3 | 71613 
so Lasess | 2e 184660! 2% | aTaos | 73$ | 561661 | 3 | 75.067 
Ê 2° 188496 37.609218" | 56.5488 |\24:" | 75:3084 
4 faucms| 19242 3e | Ssooto | us | sos Le | mont 
44 [19635 || 5 | agauas| ‘19 | s7sa2 | ‘4 | 16183 
4220 À Sono | 63 | ss8ms | +9 |orrmel + | rene 
d|266265 | 1, | 20404 | né | 3027 | ‘1, | 581196 ! 
3 Laruso | 56 208131 | © | 306607 || 52 | 585123 é 
uses | 26 | 21-2068 | 255 | 400654 | “32 | 58905 || 34 | 77:7646 
# |29 Li | 216085 || :7 | 40:81 || ‘5 | 59.207 || ‘56 | 78:1473 
1. 34416 |7: 13. | 40.808 |l19:"° | 69.6904 78.54 
% % ge Laamas | 2e | Go-ogsi | ue | 78327 
PAIE EI IF EE 
È ! 3 | 4 : 8685 ||: | 
3 % s sus | én2i2| ‘5 | 801102 
& EA Ji Lans | 6 | tés | So 
k 3 SG |asas7 || 156 | 620466 | 2; | eos: 
# # = | 43.5897 # 624393 || 3% | 81.2889 
2 251328 |l1a!” | 43.0824 |20!* | 62.832 [Le | 81:6816 
se” 6 | 25.626516 | auarst | 16 | 63.227] 16 | 820743 
4 | 25.9182| Li | 447678 | 56 | 63.6114 || ‘39 | 82467 
# Be | 263100 | 56 | 451605 || :$ | aoro1|| ‘3 | 828607 
KE 4 | 26.7086 || 246 | 45.5632| (1 | 644028 || ‘2 | 632524 
4 236 | 27-0963 || 54 | 459469 | 5 | 647055 | ‘35 | 83.6461 
la 4 | 27489 || 36 acssec || 54 | es1882| ‘32 | 80878 
4 à | eresir|| 56 | 467313 | 5 | 65.5809 | ‘25 | 844305 
3: 9 |28.2744 lioe" | 47124 |lor”* | 66.976 |lar”* | 84:8232 
#2 ug|286671| 16 | 475167 | :36 | 663663 || :3 | 85.2159 
La 44 | 290598 || 54 | 47-9094 | ‘54 | 66.769 || ‘32 | 85.6086 
#4 #8 | 29407 483021 || 3 | 671517|| :$ | 86.013 
e nm) esp 2 Léresa| “ie | 6.300 
Se 5 | 302379 || :5 | 49-0876 67.93 6 
5% # 30.6306 || 34 | 494802 
ke hanrar || 55 | 1:6233 || !%4 | 49.8729 
(L 
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CIRCUMFERENCES OF CIRCLES. 


TABLE.—(Continued.) 











8 
Ë 


Cireum. 


Cireum. || Diam. | Cireum. || Diam. 





30: 


32. 


33. 








29. 


31. 


34. 


RSR NE ele ir” Kiel” Ie ii 








Skkkkikk Kiki ki 





87.9648 
88.3575 








109.563 











109.956 42. 131.947 149. 
132.34 














10349 |: 3% 
110.741 K BA 
nu | à % 
111.52 . DA 
nisis | # 
ul 4ln à 
112. D D 
43 150: 
# HA 
% En 
# #6 
# " 
D? . 
[ra 51° 
“ k 
À a 
5 # 
BA A 
15. 52. 
# # 
# À 
| sul 
15% LU | 53.°° 
# ns) 
# # 
22 -K 
# 3 
Le a 
# # 
6 : 
5 

















2 |: ; 

LS413 x 
128.806 |48. 55. 

129.198 || 6 # 
129.591 | & 
og | À #4 
130.376 || 16 k 
130.769 || 5 # 
131162 | 3 # 
131664 || Ze |15616| 7% 





5 
156.687 
157.08 

157.473 
157.865 
158.258 
158.651 
159.044 
159.436 
















HR is 


Je 


S 
# 


188.103 
188.496 
188.889 
189.281 
189.674 
190.067 


S 
8 


LR RME ik ler 


Er X 


.. 8 
RE RE 








Sr: 























RAR NCA SNS 


t 


65 


\ 


Ski See ARR RAC AT EE 


an 
[eo] 


an 
o 








3129.63 
3142.04 
3154.47 
3166.93 
3179.41 
3191.91 
3204.44 
3217. , 
3229.58 
3242.18 
3251.81 
3267.46 
3280.18 
3292.84 
3305.56 
2318.31 
3331.09 
3343.89 
3356.71 
3369.56 
3382.43 
3395.33 
3108.26 
3421 .2 

3134.17 


3447.17. 


3160.19 
3473.24 
31486.3 

3199.4 

3512.52 
3925.66 
3538.83 
3352.02 
3965.24 
3975.18 
3591.74 
3005.03 
3018.35 
3631.69 
3645.05 
3658.44 
3671.85 
3085.29 
3098.76 
3712.24 
3625.15 
3739.29 
3752.85 
3766.43 
3180.04 
3793.68 
3807.34 
3821.02 
3834.73 


lé 
LA 
# 
lé 
5% 
3% 
% 
# 
É: 
5% 
3H 
% 
k 
36 
54 
3 
N7- 
# 
# 
56 
H4 
À 
“ 
3ê 
5% 
3% 
Te 
” 
4 
3 
Tr 
5% 
34 
Te 
k 
W 
3 


AREAS OF CIROLEÉS. 


TABLE-—{Continued). 


3848.46 
3862.23 
3876. 
3889.8 
3903.63 
3917.49 
3931.37 
3945.27 
3959.2 
3973.15 
3987.13 
4001.13 
4015.16 
4029.21 
4043.29 
4057.39 
4071.51 
4085.66 
4099.83 
4114.04 
4128.26 
4142.51 
4156.78 
4171.08 
4185.4 
4199.74 
4214.11 
4228.51 
4242.93 
4257.31 
4271.84 
4286.33 
4300.85 
4315.39 
4329.96 
4344.55 
4359.17 
4373.81 
4388.47 
4403.16 
4417.87 
4432.16 
4147.37 
4462.16 
4476.98 
4491.81 
4506.67 
4521.56 
4536.47 
4551 .4 
4566.36 
4581.35 
4596.36 
4611.39 
4626.45 
4641.53 


je er Ste NUE enr Meirie 


œ 


- 
« 


L_] [2] » L2 
CO pi ju 
NN 


œ 


e L 2 - e 
NaJN OS NON pes 
œ à \ OS 


er ieiee geler Leirie ” Kaxe ete Loire? KQXes Kent Lette 


© 


NV UT 
Ni 


4656.64 
4671.77 
4686.92 
4702.1 

4717.31 
4732.54 
4747.79 
4763.07 
4778.37 
4793.7 

4809.05 
4824.43 
4839.83 
4855.26 
4870.71 
4886.18 
4901.68 
4917.21 
4932.75 
4948.33 
4963.92 
4979.55 
4995.19 
5010.87 
6026.56 
5042.28 
5058.02 
5073.79 
5089.59 
5105.41 
5121.25 
5137.12 
5153.01 
5168.93 
6184.87 
5200.83 
5216.82 
6232.84 
5218.88 
5264.94 
6281.03 
5297.14 
5313.28 
5329.44 
5345.63 
5361.84 
5378.08 
5394.34 
5410.62 
5426.93 
6443.26 
5459.62 
5476.01 
5492.41 
6508.84 
5525.3 


kiek” iieimriine" eer ins" ie" eee" ielek ei 


NRC RAR SVA 


5541.78 
5556.29 
5574.82 
6591.37 
5607.95 
5624.56 
5641.18 
5657.84 
5674.51 
5691.22 
5707.94 
5724.69 
5741.47 
5758.27 
6776.1 

6791.94 
5808.82 
6826.72 
5842.64 
5859.59 
5876.66 
5893.55 
5910.58 
5927.62 
6944.69 
5961.79 
5978.9 

5996.05 
6013.22 
6030.41 
6047.63 
6064.87 
6082.14 
6099.43 
6116.74 
6134.08 
6151.45 
6168.84 
6186.25 
6203.69 
6221.16 
6238.64 
6256.15 
6273.69 
6291.25 
6308.84 
6326.44 
6344.08 
6361.74 
6379.42 
6397.13 
6414.86 
6432.62 
6460.4 

6468.21 
6486.04 


Ski” ieekiier" ile” elite Ski” ie" Keieiieie 


13 


6503.9 

6521.78 
6539.68 
6557.61 
6576.66 
6593.54 
6611.55 
6629.57 
6647.63 
6665.7 

6683.8 

6701.93 
6720.08 
6738.25 
6756.46 
6774.68 
6792.92 
6811.2 

6829.49 
6847.82 
6866.16 
6884.53 
6902.93 
6921.35 
6939.79 
6958.26 
6976.76 
6995.28 
7013.82 
1032.39 
7050.98 
7069.59 
7088.24 
7106.9 

1125.59 
1144.31 
1163.04 
7181.81 
7200.6 

7219.41 
7238.25 
7257.11 
7275.99 
1294.91 
1313.84 
1332.8 

7361.79 
1370.79 
1389.83 
1408.89 
7427.97 
7447.08 
7466.21 
7485.36 
1504.55 
7523.75 





14 AREAS OF CIROLES. 


TABLE-—{Continued).—[Advancing by a Quarter and a half.] 






me À meme | mm mme | | mms À mm | cons ———————— | mnenneeguee 




















7542.9811105. | 8659.03|1114. |110207.0611123. |11882.32/1139. |15174.71 

7662.24 341 8700.32 2411025188 14111930.67 K|15284.08 

7681.61 | 8741.7 .15110296.79 12111979 2 140. |15393.84 
.36| 7600.82 3 


7 
8783.18 3a110341.8 .%41112027.66 .}6 |15503.98 
7620.1511106. | 8824.751115. 110386.91/124. |12076.31 A 15614.53 


7639.56 24 8866.43 4110432.121  .14112125.05 6 |15725.47 
1658.88] .iel 89082 | (5611047743 1211217390 |1142. |15836.8 
7678.28 .3%| 8950.07 34110522.84|  .32112222.84 Je |15948.52 





© 
o 


7697.71 107. 8992.04 ne: 10568.34 1125. |12271.87|1143. |116060.64 





7717.16|| ‘.34] 9034.11] .74110613.94 |  .16112370.25 M |16173.15 
7736.63|| ‘ .36| 9076.28] .2110659.64/126. |12469.01||144. |16286.05 
7756.13] .3%4| 9118.53] ./4110705.441| .15112568.17||  .|16399.34 


7775.66|108. | 9160.911117. 110751.34' 127. |12667.72 :145. |16513.03 





1795.23 41 9203.37 .14110797.341  .K112767.66 4 |16627.11 
7814.78|| 2) 9245.92 .!2110843.43/1128. |12867.99/146. |16741.59 
1834.38||  .34l 9288.58|| .*4110889.62| .K112968.71 lé |16856.44 
7854. ||109. | 9331.34/|118. |10935.9 11129. 113069.84//147. |16971.71 


100 


71993.32| .14| 9374.19] .1:110982.3 || .1 1317135) -#|17087.36 
7952.74|| 12 9417.14|| .!2111028.78 130. |13273.26//148. |17203.4 
7972.21|| %a| 9460.19! ./:111075.37| .16/13375.55)  .3|17319.83 

101." 8011871110. | 9503.34/1119. |11122.06 131. |13478.25 1149. |17136.67 
8061.58|| .14| 9546.69] .14111168.83| .15113581.331|  .117553.89 
8091.39|| .16| 9589.93]  .12111215.71|1132. |13684.81|150. |17671.5 

.3| 8131.3 41 9633.37|| ./4111262.69|  .14113788.67||  .15117789.51 


102." 8171.3 |111. | 9676.91 1120. |11309.7611133. |13992,94 


8211.41|| .14| 9720.73 ./4111366.93|| .16113997.54 
8251.61] .26| 9764.29] .42111404.2 1134. |14102.64 
8291.91|| .%4! 9808.12] ./4111461.671| .1$114208.07 

103.7] 8332.31/[112. | 9862.06 1121. |11499.04,135. |14313.91 
441 8372.81] .24| 9896.09  ./1111546.611) .1$]14420.14 
8413.4 || .5e| 9940.22] .::111594.27:136. |14526.76 

3,1 8454.09|| ./4| 9984.45) ./4111642.03, .16|14633.76 
104. | 8494.89/|113. 110028.77|122. |11689.89:137. |14741.17 
8535.78|| .14110073.2 4111737.85 '  .15]14848.96 


8576.77 110117.72 
8617.85 


34110162.34| ‘il11834.06|  .1,115065.73 | 


To Compute the Area of a Diameter greater than any in the preceding Table. 


D mm <a 


12111785.91 | 138. 1496716) 





Roze.—Divide the dimension by two, three, four, eto., if practicable to do 50, until it is reduced 
to a diameter to be found in the table. 
Take the tabular area for the diameter, multiply it by the square of the divisor, and the product 
will give the area required. 
expce.—Wbat is the area for a diameter of 10507, 
1050.5-7—150 ; tab. &rea, 150—17671.5, which x 7 —665903.5, areb required. 


To Compute the Area of an Integer and a F'raction not given in the Table, 


Roce.—Double, treble, or quadruple the dimension given, until the fraction is increased to a 
whole number, or to one of those in the table, as &, 4, eto., provided it is practicable to do so. 

Take the area for this diameter; and if it is double of that for wich the area is required, take one 
fourth of it; if treble, take one 9 th. of it and if quadruple, take one sixteenth of it, eto., etc. 

Exawpce.—Required the area for a circle of 2. 2 inches. 


2. À x 2=44, area for which=—15.0331, which -— 4=—= 3,768 ins. 
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TABLE.—{(Continued.) 
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Te RS ] e 
| Dan: Circum. | Dinm Circum. ! Diam. Circum. | Diam. | Circum. | Diam 





































Circum. 
197. prier 219.912 241. 903 84. | 263.804 |91. | 285.886 


eo 
# 

































































; _ 
, I 
1, 814: 14 [220.305 | 16 | 242.206, 14 ! 264.287 || 15 | 986.278 
58 ismroci de loopens | 6 | Deal 46 264.68 || 12 | 286.671 
7/4 198. 706 | 4 223.6! i .: 4 ( 1 | | À 
3x | 221.09 a | 243.081 || 3x | 265.073 | 28 | 287.064 
28 | 199.090 | 35 [22109 | 33 | 243.08 | Si dé | 287-064 
18 | 199.492] 15 (221488 v 15 | 243.474 2 | 265.465 1; 
5° 55 | 221.876 : 56 | 212867 50 | 265.858 || 52 | 287 849 
., 6 199. En | 8! , ti 1. ‘ Le ) 9: 2/ 288 942 
.3+ 200.277 34 222.263 | on 244.259 i 266.25] 4 . 
gi | 222.661 || .7, | 2446521 .7é | 266.645 | 5? | 988 624 
78 noel e ro [ge | 24-682! 07e: 266.613: Ze 289.027 
64. 201.062 /|71.  ,223.054 (78. | 245.045/ 85. | 267.036 92. 89. 
17 551 .1£ , 223.446 Ig | 245.438] .1$ | 267.429 | ,14 | 289.49 
785 201 450 ! -:B | 22 “2 | _8 guess 1 : 4 48 9 13 
| Ge DOG A 22880 À, | 24583 || 1j | 267.821 | 55 | 28081: 
a 1 202.241!) 3 221.232 | 8 246.223 : “8 268.214 78 290.205 
12 | 202.633|| .1, | 224.624 | ls | 246.616  .15 | 268.607 ! 15 | 290.598 
5, |: 5 225.017 Jg | 247.008 .54 | 268.999 | .5{ | 290.991 | 
| .r B 203. 026 ‘28 _ a 4 ge | og 0° è 83 
34 ! 203.419 37 225.41 | Bi | 247401) 35 | 269.392 ji 291.3 3 | 
1 7 | 208.811. LT 225.603 | 5 | 247.794] 36 | 269.785 | 55 | 291.776 
65. | 204.204 226.195 |79. | 218.186 :86. | 270.178 | 93.7 | 299.169 
1g | 204.597 Fe 226.588 || 16 | 218.679) .16 | 270.57 || .15 | 292.562 
Ze | 204.089! 1 226.081 | 14 | 248070 3 | 270.963 | 14 | 202.054 
Ba ls sul) (55 027.373 | 5 249.865" 2 | 271.356 !| .3a | 293.347 
15 | 205.775.) .1, | 227.766 || 15 [249.767 1, | 2710748, _ 293.74 
| 28, 206.161! .$3 | 228.159 28 | 250.15 : .5$ 272.141 28 | 294.132 
5, | 206.56 || 35 (22.551 | :3/ | 250543] 2 | 279.534 5 31 | 294.525 
1 154) oogal 25 Loogous l 5 | 2500 Ta | 212.926 | 34 | 294918 
66.,,|207.316178. 129.337 |80. | 251.228 87. | 213.319 | 94. | 295.31 
3 207) 622978 | 16251721 16 | 213712) 14 | 295.702 
| 14 | 208.131 | En | 230.122 | 4 252.113 4 274.105 | 24 296.096 
Sa | 208.524/| Sa 230.515 | 25 | 2595061 2° 274.497. .Z4 | 296.489 
jp 2e | 208.916! 2 |250.908 | 14 | 252.R99 || ls | 274.89 ls | 296.881 
Se | 209.309] Se | 231.3  %g | 253.292 , 5, 215.283 1 ,5, | 297.274 
| 3: | 209.702 1 [281.695 | ,8{ | 253.6K1 | ,3/ | 275.675 : .3, | 297.667 
M 5 210095 3 232.06 Ta 254.077 ! T8 | 276.068 |! .7$ | 298.059 
U 67. |210.457)/74. |232.478 |81. 25447 188. | 216.461 95. | 208.452 
| 6 |21088 | 16 [232871 | 1 | 254862! 16 | 276.853 16 | 298.846 
| a | 211.27: Ja | 233.264 14 255.255 | 14 277. 246 ! 24 299.237 
| 3e | 2il 665 | 38 | 233.057 Ja | 255.618 .3f 277. 629 1 8 | 299.63 
| 1, | 212058] 1, [234049 | 1, | 256.04 l 15 [278.032 1 17 | 300.023 
T5 ) De [2442 | 5 | 256.433: 57 | 278.424 | 52 | 300 416 
8 | 212451: | 28 8 | 2i 8 
3: | 212 8431 3; | 234.835 31 | 256.826 | .3/ | 278.817 .3{ | 300.808 
Ex F2 | 235.227 | Te | 257.219 7 | 259.2] .7g | 301.201 
3 | 2142360 fé |2 78 78 | #1 78 
cs." | 213620)75. |235.62 |52/° | 257.611: 89° | 2:9.602 96” | 301.504 
4 ue l'adol ue losécots | 16 | 256.004 16 | 279 906 : 14 | 301.986 
| A4 Joaaisl ES loxéaus | A4 | 258.397 || 14 | 2x0. 388 | "14 | 302.379 
M Se 2480) 36 [246.708 | 26 | 258.789) !56 | 280.71 | 36 | 302.172 
OR 262 À tarot À il 25o82l fé | 281 173 || 15 |-303.164 
28 | 215.592|) .$5 | 231.584 sg | 259.575 | 56 | 21,566 || 54 303.557 
| 3, 215. 985 3, 237.916 |, 3{ | 259. 967 | E .3{ 281.959 34 303.95 
Ga | 264781 55 [238.369 | [7 | 260. 36 " .f, | 282.351 || 75 | 304.343 
sg | 216.77 |16.7 |238.762 [s3!* | 260-752 ‘90! % | 242.744 l'or "à | 304 735 
ag Lorraes| ue losvisa [ag |ogiras dé | 283.137 | 16 | 306.128 
D 1, | 217,556 4 | 239.517 y | 261.558 À 2R3.529 14 305.621 
| a | 217.918! 33 [249.94 | 35 | 261. oil 36 | 283.922 | 34 | 305.913 
43 [218311 2 [240482 À 1, 262324 1, | 284315 | 14 | 406.306 
‘  S6|21874 55 |240.725 | 5, | 262.716 | 5° | 241708 52 | 306.699 
. Gélouonn] 5 Panne | 2 | 26 HA f | 2nst | 5 | 307.001 
2 | 210 Jé | 219.619! 73 [21.611 || .55 | 263.502|) .74 | 285.493 | 72 | 307.484 
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TABLE--(Continued). 
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LC] 1 LC] 
Cireum. |, Diam. 
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Circum. l Dia. 
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Circum. | Diam. | Circum. | Diam..| Circum. 


















































———— —— —— | 
98. |307.877/105. | 229.86! 114. | 253.142 li. | 386.417 1139. 436.682 | 
16] 308.27 À 14] 330.653 141 358.928 || 141 397.209 1 15] 458.253 ! 
Da] 308.662 |  .!:| 331.430! 1,1 859,713 || 1,1 347.988 140. 439.321 | 
361 309.055 || 34] 332.221 31: 360.499 31 388.773 .1$| 411.395 ! 
16| 309.448 106. | 333.01 |115. | 261.284 1124. | 399.558 141. | 412.966 | 
el 309.84 | 1,1 333.705] .1{ 362.060 | 15! a00.344l IS] 444.526 
3: 310.233. 15] 334.58 Jai 362.855 | ot 891.129 142. | 416.107 
Tel 10.626 ||  .%) 335.866 241 363.64 l 3, 391.915, ls] 447.678 
99. | 311.018 107. | 336.151,116. | 3614251125. i 302.7 1143. | 419.249 
AN 4] 336.077 al 365.211 gl 391271 14] 450.82 
dal 811804 11337722] el 865.995 1126. | 305.812 144. | 452.39 
361 312.196 41 338.507! .":l 356.782 1 1] 397.412 151 453.951 : 
1,1 812.589 108. | 332.293/117. | 367.667 1,127. | 398.93 145. "| 155.532 
5,1 312.982, 1! 340.078!) .!:1 368.323 ,1$] 400.554 ! 151 457.103 
3,1 313.375 | 340.864 Lt 369.LN 1128. | 402.125: 146. | 453.674 
74] 813.767 Pal 341.649! si 369.923 | 15: 403.696 | ST 460.244 
100. | 314.16 109. | 312.434/118. | 30.709 129. | 405.266 1147. | 461.815 
él 814945 | Hal 34322 | lala" té 406.837! | 463.386 
J| 315.731 || | 344.005 ls, 312.28 |130. | 403.403 1148. | 464.957 . 
3,1 316.516 |! al 344.791] il 373.063 .15 409.979 15! 466.523 
101. | 317.302 11110. | 345.576119. | 373.85 131. | 411.55 ||149. | 468.093 
ll 818.087 À {316.561 a 374.636: lo) 413.12 .78 | 469.669 : 
| 318.872 1 347.147 le] 375.421 132. | 414.691 1150. | 471.21 
3,1 319.658 | 74, 347.932]] a] 376.207 A5! 416.262 451 472.811 
102.) 320.443 [111 | 38.718//120., | 376.092 133. *| 417.33 j 
.L4| 321.229 | 319.507 al 3TTTIT I) 419.404 
ll 322.014 | 3, 350.288 | 318.563 134. | 420.074 
341 322.799 | 34) 360.071, 4] 379.318 : 19) 422.545 
103. | 323.585 |L12. | 351.859.1121. | 250.134 1135. | 424.116 | 
dl 324.37 Jo] 452.645 4] 330.919 , 15) 425.687 | à 
151 325.156 341 353.43 el 381.704 11136. 427.253: | 
.35| 325.941 | 851.215 | 711 332.49 hs 428.825 | 
104. | 326.726 |113. | 255.001 1122. | 383.275 1137. | 430.399 : 
14} 327.512 d4| 355.786 |  .}4] 381061,  .15| 431.97 il 
| 328.297 ol 356.572 | lat 381.816 138. | 433.541 : | 
1 329.093 || 341 357.357] 41 385.631  .1:] 435112 \ 
nee EE —— [ 














To Compute the Cireum. of a Diameter greater than any in the preceding Table. 


R:Lk.—Divide the dimention by two, three, four, eto., if practicable to do 80, until it is reduced 


to a diameter to be found in the table. 


Take tho tabular cireumference for this dimention, multiply it by 2, 3, 4, 5,ete., according as it 


was divided, and the product will give the circumference required. 
ExamPie.—W hat is the circumference for a diameter of 1050 ? 


1050 + 7=150 ; tab. cireum., 150—471,239, which x 7=—=3299.073, circum. required. 
To Campate the Cireumference for an Integer and Fraction not given in the Table. 


Ruse.—Double, treble, or quadruple the dimention given, until the fraction is increriscd to & 
whole number or to ono of those in the table, as #, !, eto., provided it is practical to do so. 

Take the cireumference fur this diameter ; and if it is doub'e of that for which the ir'umference 
is required, take one half of it; if treble, take one third ofit; and if q'iudruple, one fourth of it. 

ÉxamPze.—kRequired the cireumference of 2.21875 inches. 


2,21875 X 2=4.4375— 47, which x 28.7; tab. cireum.=—27.8817, which 4 = 6.9704 ins. 
To Compute the Cireum. of a Diameter in Feet and Inches ete., by the preccding Table. 


Roze.—Reduce the dimention to inches or eighths, as the caso may be, and take tho cireumfo- 
rence in that term from the table for that number. 


D'vide this nuraber by 8 if it is in eighths, and by 12 if in inches, and the quotient will give the 
area in feet. 


ExamPLe.—Required the oircumference of a circle of 1 foot 63 inches. 
1 foot 63 ins = 183 ins. = 147 eighths. Cireum. of 147 = 461.815, which -:- 8 57.727 inches; and 
by 12 = 4.81 feet. 


TABLE XIIX. 
AREAS ,AND.CIRCUMFERENCES OF CIRCLES, FROM x; TO 100. 


[Advancing by Tenths.] 





_ — Eea _ 
RE — 





— 











—— —— _— 


Diam. 








A'ea. | Circum. | Aron. Cireum. | Diam. Area. Circum. 
{| ——— re a mm | À ————_ À 
| | 6. 19.635 |15.708 ||10. 78.54 | 31.416 
1 007854 31416: .1 | 20.1282 | 16.0221 1 | 80.1186 | 31.7301 
| 9 031416) 628321 .2 | 21.2372 | 16.3363 .2 | 81.713 | 32.0443 
3 0706 942487 .3 | 220618 | 16.6504 | .3 | 83.323 | 32.358 
4 12566 ! 1.256 4 | 22.9022 | 16.9646 4 | 81.9488 | 32.6726 
5 19635 | 1.5708 || .5 | 223.75<3 | 17.2788 5 | 86.5903 | 32.9868 
6 28274 | 1.885 || .6 | 24.6301 | 17.5929 6 | 88.2475 | 33.3009 
7 8485 | 2.1991 | .7 | 25.5176 | 17.9071 7 | 89.9204 | 33.6151 
8 50266 | 2.5133 8 | ‘26.1208 | i8.2212 8 | 91.609 | 33.9292 
9 63617 | 2.8274 | 9 | 27.3397 | 18.5354 9 | 93.3133 | 31.2434 
| .l 1854 | 3.1416 || 6. 28.2744 | 18.8496 || 11. 95.0331 | 34.5576 
ll 9503 | 3.4557 | 1 | 29.2247 | 19.1637 1 | 96.7691 | 34.8717 
1 2 | 1.412309 | 37699 | 2 | 30.1907 | 19.4779 | .2 | 98,5205 | 35.1859 
j .3 | 1.32:3 | 4.084 || .3 | 31.1725 | 19.792 3 | 100.2877 | 35.501 
A4 | 1.5593 | 4.39892 4 | 32.1699 | 20 1062 4 | 102.0705 | 35.8142 
5 | 1.671 4.7124 5 | 331831 | 204201 5 | 103.8691 | 36.1284 
6 | 2.0105 5.0255 6 | 31.212 | 20.745 6 | 105.6834 | 36.4425 
7 | 22693 | 5.3107 ! 7 | 35.2566 | 21.0487 || .7 | 107.5134 | 36.7567 
8 | 2.5146 | 56518 | .8 | 36.3168 | 21.3628 | .8 | 109.359 | 37.0708 
| 0 | 29352 | 65.969 || .9 | 27.3928 | 21.677 9 |111.2204 | 37.384 
11 .2 3.1416 6.2832 || 7. 38.4816 | 21.9912 || 12. 113.0976 | 37.6992 
| 1 34636 | 65973 | 1 | 39592 | 223053 | ‘1 | 1149904 | 380133 
V2! 38613 | G9115 2 | 40.7151 | 22.6195 .2 | 116.8989 | 38.3275 
1 93! 4.1547 1-2256 | 3 | 41.8539 | 22.9336 3 | 118.8231 | 38.6416 
4 | 4.529 7.538 4 | 43.0085 | 23.2478 A | 120.7631 | 38.9558 

. 5 | 4.9087 7.854 5 | 44.1787 | 23.562 5 | 122.7187 | 39.27 
1 .6 | 5.3093 | 8.1681 6 | 45.3647 | 23.8761 6 | 1246901 | 39.5841 
1 .7 | 5.7255 8.1823 7 | 46.5663 | 21.1903 7 | 126.6771 | 39.8983 
| 8 | 6.1575 8.1964 8 | 477837 | 245044 8 | 128.6799 | 40.2124 
9 | 6.602 9.1106 9 | 49.0163 | 241.8186 || .9 | 130.6984 | 40.5266 
1,3 7.06R6 9.4248 | 8. 50.2656 | 25.1323 ||13. | 132.7326 | 40.8108 
A | 7.5476 9.73H9 A | 51.53 25.4459 1 | 134.7824 | 41.154149 
. 2 | 8.041424 | 10.0531 2 | 52.8102 | 25.761 .2 | 136.848 | 41.4691 
.. 3 | 8.553 10.3872 3 | 54.1062 | 26.0752 3 | 138.9294 | 41.7832 
4 | 90792 | 10.6814 A | 554178 | 26.3894 4 | 141.0264 | 42.0974 
5 | 9.6211 | 10.9956 | .5 | 46.7451 | 26.7036 5 | 113.1391 | 424116 
6 |10.1737 | 11.3097 || 6 | 58.0881 | 27.0177 6 | 145.2675 | 42.7257 
m|107521 | 116239 | 7 | 594469 | 273319 || 7 | 1474117 | 430399 

8 | 11.341 | 11.938 | .8 | 60.8213 | 27.646 8 | 119.5715 | 43.354 
9 | 11.91459 | 12.2522 9 | 62.2115 | 27.9602 9 | 161.7471 | 43.6682 
4 |125664 | 125664 | 9. 63.6174 | 28.2744 ||14. | 153.9384 | 43.9821 
1132025 | 128805 1 | 65.0389 | 28.5885 1 | 156.1453 | 44.2965 
2 | 138544 | 131947 2 | 66.4762 | 28.9027 2 | 158.368 | 44.6107 
3 | 14.522 13.5088 3 | 67.9292 | 29.2168 .3 | 160.6064 | 41.9248 

| 4 15.2053 |1#823 || .4 | 69.3979 | 29.541 4 | 162.8605 | 45.239 
| 51159013 | 14.1372 5 | 70.8823 | 29.8152 5 | 165.1303 | 45.5532 
6 | 16.619 14.4513 6 | 72.3824 | 30.1593 6 | 167.1158 | 45.8673 
11173194 | 147655 7 | 73.3982 | 30.4735 7 [169.717 | 46.1815 
8 !18.0956 | 15.07%6 8 | 75.1238 | 30.7876 8 |172.03%4 | 46.4956 
, 91188554 | i5.3938 9 | 76.977 | 31.1018 9 | 174.3666 | 46.8098 
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Ares. 


156.715 


179.079 
181.4588 
183.8512 
186.2654 
188.6923 
191.1349 
193.5932 
196.0672 
198.5569 
201.0624 
203.5835 
206.1203 
208.6729 
211.241] 
2:3.8251 
216.4248 
219.0102 
221.6712 
224.318 
226.9806 
229.6598 
232.3527 
235.0623 
237.1811 
210.5287 
243.2855 
246.0579 
218.8161 
251.65 
251.4696 
257.30 18 
260.1553 
263.0226 
265.905 
268.8031 
271.7169 
274.6165 
277.5917 
280.5527 
283.52941 
285,5217 
289.5298 
292.5536 
295.593 
298.6183 
301.7192 
301.806 
307.9082 
311.0252 
314.16 
317.3094 
320.4146 
323.6554 
326.852 
330.0643 





AREAS 


47.124 


47.438 
47.1523 
48.066414 
48.3806 
48.6918 
49,00 9 
49,3231 
49,6372 
49,9514 
50.2656 
50.5797 
50.8939 
51.20 
51.5224 
51.8364 
52.1505 
52.46417 
52.7188 
53.093 
53.4072 
53.7213 
51.0355 
54.3196 
24.6038 
54.978 
55.2921 
55.6063 
55.920414 
56.2316 
56.5188 
56.8629 
57.1771 
57.1912 
67.8051 
58,1196 
58.4337 
58.741479 
69.062 
59.3762 
59.6! 01 
60.0015 
60.3187 
60.6328 
60.917 
61. Pin 
61.575 
61 Re 
62.2030 
62,5178 
62.832 
63.1461 
63.1603 
63.7744 
64.0386 
64.140283 
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333,2023 


336.530 

339.7954 
343.050 
346.30 14 
319.6619 
352.9901 
390. 3281 
359.6817 
363. 051] 
366.4362 
309.837 

373.234 
316.6896 
380.136 
3N3.5972 


NT te 


390,511 
394. UK23 
397.0087 
401.1509 
404.7087 
408.2423 
411.8:10 
415.4760 
419.0952 
422.7336 
426.383 
430. 05: 30 
433.1311 
137 4363 
411.1511 
{41.8S19 
418.6283 
452.390! 
456.16%1 
459.916 
46:3.1:08 
467.5957 
471.1563 
.2926 
1646 
0524 
.9558 
D15 
.8098 
1604 
1206 
56. + 086 
510.7063 
514.7196 
n5.7158 
522.1930 
526. 511 
530.930 1 
555.0223 
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61.7161 
65.0311 
65.344152 

65. 694 

63.9736 

6G6.2877 

66.6019 

06.916 

67.2302 

67.5144 

67.8585 

06N.1727 

68.1868 

6GR.801 

69.115352 

69.4293 

61. 7435 

10.0576 

10.3718 

10. 6NG 

11.000! 

11.3143 


11.9426 


16.9692 
11.2833 
17.5975 
77.9116 
18.223538 
18.54 

5 S211 
1083 
0! KI { 
19,7956 
8), 108 


80.7391 
81 Do: 12 
3074 
L.6S815 
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. 616. 0261 


555. 11 16 
559.908 
564.1056 
5bS.3242 
572.5506 
516.8056 
5R1.0703 
55.535503 
5R9.6109 , 
593.YDNT 
598 .2#63 
6002.6295 
GOu.YRN;5 
611.3632 
615.7536 
620.159%6 
624.5814 
629,019 
633.1722 
631,941 L 
642,425 


691.442] 
692.9::39 
660.5214 
665.015 
609.6634 
674.253 
678.S683 
GNK3.1943 
63.136 
692,794 
697.466 


n1.26*<9 
59.210ù 
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mm. Diam: Ares | Cru | 
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100.5312 
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101.1595 
101.4736 
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881.4151 
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902.5895 
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924.0115 
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944.822 
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915.6922 | 
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1098.5862 


1104.4687 
1110.3671 
1116.2811 
1122.2109 
1128.1564 
1134.1176 
1140.0916 
1146.087 
1152.0954 
1158.1194 
1164.1591 
1170.2145 
1176.2857 
1182.3725 
1188.4651 
1194.5434 
1200.7273 
1206.877 
1213.0424 
1219.2243 
1225.4203 
1231.6328 
1237.861 
1244.121 
1250.3646 
1256.64 
1262.931 
1269.2388 
1275.5602 
1[281.8984 
1288.252à 
1294.6219 
1301.0071 
1307.4082 
1313.8249 
1320.2574 
1326.7055 
1333.1693 
1339.6489 
1346.1441 
1352.6551 
1359.1818 
1365,7242 
1372.2822 
1378.856 
1385 .4456 
1392.0508 
1398.6717 
1405.3083 
1411,9607 
1418.6287 
1425.3125 
1432.0119 
1438.7271 
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117.4958 
117.81 
118.1241 
118.1333 
118.7524 
119.0666 
119.3808 
119.6949 
120.0091 
120.3232 
120.6374 
120.9516 
121.2657 
121.5799 
121.894 
122 .2082 
122.5224 
122.8365 
123.1507 
123.4649 
123.779 
121.0932 
124.4073 
124.7215 
125.0356 
125.34198 
125.664 
125.9781 
126.2923 
126.6064 
126.9206 
127 2348 
127.5489 
127.8631 
128.1772 
1284914 
128.8056 
129.1197 
129 4323 
129748 
130.0622 
130.3764 
130.6905 
131.0047 
131.3188 
151.632 
131.9472 
132.2613 
132.5755 
132 8896 
133.2038 
133.518 
133.8321 





134.1463 
134.4604 
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1452.2046 
1458.9668 
1465.7418 
1472.5385 
1479.318 
1486.1731 
1493.0139 
1499.8705 
1506.7427 
1513.6287 
1520.53{4 
1527.4537 
15341.3888 
1541.3396 
1518.3061 
1555.2883 
1562.2862 
1569.2998 
1576.3292 
1583.3742 
1590.435 
1597.5114 
1604.6036 
1611.7114 
1613.835 
1625.9743 
1633.1293 
1610.302 
1647.4846 
1654.6885 
1661.9064 
1669.1399 
1676.3891 
1683.6541 
1690.9347 
1698.2311 
1705.5432 
1712.871 
1720.2144 
1727.5736 
1734.9486 
1742.3392 
1749.7455 
1757.1675 
1764.6045 
1772.0587 
1779.5279 
1787.0127 
1794.6133 
1802.0296 
1809.5616 
1817.1092 
1824.6726 
1832.2518 
1839.8466 
1847.4576 
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135.0888 
135.4029 
135.717 
136.0332 
136.3454 
136.6596 
136.9737 
137.2879 
137.602 

137.9162 
138.2304 
138.5445 
138.8587 
139.1728 
139.487 

139.8012 
140.1153 
140.4295 
140.7436 
141.0578 
141.372 

141.6861 
142.0003 
142.3144 
142.6286 
142.9428 
143.2569 
143.5711 
143.8852 
144.1994 
144.5136 
144.8277 
145.1419 
146.456 

145.7702 
146.0844 
146.3985 
146.7127 
147.0268 
147.341 

147.6552 
147.9693 
148.2835 
148.5976 
148.9118 
149.226 

149.536] 
149.8543 
150.1684 
150.4826 
150.7968 
151.1109 
151.4251 
151.7392 
152.0534 
152.3676 
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1855.0833 
1862.7253 
1870.3829 
1878.0563 
1885.7454 
1893.4501 
1901.1706 
1908.9068 
1916.6587 
1924.4263 
1932.2096 
1940.0086 
1947.0234 
1955.6538 
1963.5 
1971.3618 
1979.2394 
1987.1326 
1995.0416 
2902.9663 
2010.9067 
2018.8628 
2026.8316 
2034.877 
2012.8254 
2050.8143 
2058.8784 
2066 .9293 
2074.9953 
2083.0771 
2091.1746 
2099.2878 
2107.4166 
2115.5612 
2123.7216 
2131.8976 
2140.0393 
2148.2967 
2156.5199 
2164.7587 
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152.6817 
152.9959 
153.31 

153.6212 
153.9384 
154.2525 
154.5667 | 
154.8808 
155.195 | 
155.5092 
155.8233 
156.1375 
156.4516 
156.7558 
157.08 

157.3941 
157.7083 
158.0224 
158.3366 
158.6508 : 
158.9649 | 
159.2791 | 
159.592 | 
159.9074 
160.2216 | 
160.5357 | 
160.8499 . 
161.164 : 
161.1782 : 
161.7924 
162.1065 
162.,4207 
162.7348 
163.019 
163.3632 
163.6773 
163.9935 
164.3056 
164.6198 | 
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2181.2835 
2189.56695 
2197.8712 
2206.1886 
2214.5216 
2222.8704 
2231.235 

2239.6152 
2248.0111 
2256.4227 
2264.8701 
2273.2931 
2281.7519 
2290.2261 
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165.5623 
165.8764 
166.1906 
166.5048 
166.8189 
167.1331 
167.4472 
167.7614 | 
168.0756 ' 
168.397 
168.7019 
169.018 
169.322 
169.6164 
169.9605 
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2307.2224 
2315.714 

2321.2813 
2332.8313 
2341.403 

2349.98374 
2358.5876 
2367.20:34 
23175.835 

2384.4822 
2393.1452 
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2410.5182 
2119.2283 
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2136.6956 
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21541.2257 
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2189.4745 
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2524.9736 
2533.83 
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2560.726 

2569.7031 
2578.6959 
2587.1045 
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2023.8957 
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2651.20 16 
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174.0416 
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174.9771 
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LR2.5269 | 
In2.8411; 
1N3.1552 il 
18.3.1091 

13.530 : 
13 4.0977 

1844119 

134.726 | 
185.0 402 : 
185.3544 
185.00) 
185.9327 
196.2696 
186.611 





186.9252 
187.2393 
187.5535 | 





, 60. 


61. 


62. 


ko bo 24 En n de bo 


0 À =3 En Cr da À 10 


63. 


GE. 


les 


or 3 © Ode LS RS re 


sœiuinie deis 


0 20 =3 Où On ne 2 NO 


Area. 
2308.5218 
2827.14 


2836.3726 : ISS S101 


2916.321 
2855.18 


2965.2643 199.752, 
2854.700% , 190.056% 
2984.2615 : 190.599 
2595.7934 190.695! 


2903.341 


2912.8995 i 191.3231 
2922.4734: 191.6376 
2932.0631 11919517 
2941.6685 1 192.2559 


2951.2997 | 


2950.9265 : 193.3942 
2970.3791 1932094 
2980.2474 | 192.5225 
2949.9314 193.3367 
194.150% 
3009.3464 | 191.465 


2999.63 


3019.0776 
3023.8241 
30:39.5909 
3013.3051 
305%.1591 
305 7.90N1 
3077.79 41 
507.034 
3097.4919 
3107.30 44 
3117.2520 
3127.1564 


‘4137.0753 


3147.0114 
3156.9564 
3160.9291 
3176.9115 
31S6.9097 
3196.93 
3206.9531 


3216.99%4 71: 


3227.0595 
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3308.1126 
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3359.28] 4 
3369.5623 
3379.85x9 
3390.1712 
3400.4992 
3410.8129 
3421.2024 
3431.5175 
3141.9633 
3152.3749 
3462.7971 
3173.2351 
3:83.6838 
3494.164 
3504.6132 
3515.143 
3525.6606 
3536 .1923 
3546.7104 
3527.3013 
3567.8837 
3518.4787 
35N89.0395 
3399.7159 
3610.3531 
53621.016 
3631.6896 
3642.37N3 
3653.0338 
3663.804 
3674.5141 
36N5.2931 
3696.006 
3706.84145 
3717.0137 
3728.4587 
3139.2894 
3150.1357 
3700.9978 
3771.8756 
3182.7691 
3793.6783 
3804.6032 
3815.5438 
3326.5002 
3447.4722 
3818.46 
3859.4952 
3810.4826 
3831.5174 
3592.568 
3903.6343 
3914.7163 
3925.814 
3936.9274 
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205.7743 
206.0889 
206 .4031 
206.7172 
1 207.0314 
* 207.3156 
207.6597 
207.9739 
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208.6022 
20K.9164 
_209.2305 
209.5440 
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210.4872 
210.8013 
211.1155 
211.4296 ! 
211.7438 
212.058 
212.3721 
212.6863 
213.0001 
213.3146 
213.6288 
213.9429 
214.257] | 
214.5712 
214.81491 
215.1996 | 
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215.8279 
‘216.142 
216.4562 

216.7704 
217.0845 
217.3987 ! 
217.7128 
18.027 
218.3412 
218.6553 , 
218.9695 | 
219.2836 
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219.912 
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220.5403 
220.8544 
221.1686 
221.4828 
221.7969 
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3959.201 4 ! 223.0536 6 
3970.3619 1 223.3677 7 
3981.53R81 | 223.6819 | 8 
3992,7301 | 223.996 9 
4003.9373 2241.3102 
4015.161 1 : 224.6241 
4026.4002 | 221.9395 
4037.655 |225.2527 | 
4018.9251 | 225.5668 
4060.2116 | 225.881 
4071.5136 226.1952 
4032.8332 ! 226.503 
4094.1645 | 226 .8235 
4105.5125 227.1376 
4116.8793 | 2274518 
1128.2587 : 227.766 
4139,6524 ! 228.080! 
4151.0667 | 228.3943 
4162.4943 | 228.7084 
4173.9376 ! 229.0226 
4185.3966 ! 229.3368 
4196.8712 : 229.6509 
4208.3614 | 2299651 
4219.8678 | 230.2792 || . 
1231.3896 | 230.5934 || 79. 
1212.,9271 | 230.9076 
4254.4803 | 231.2217 
4266.0493 | 231.5359 
4277.6339 | 231.95 
1289.2343 | 232 1642 
1300.8501 | 232.47841 ! 
4312.4821 | 232.7925 
4321.1296 | 233.1067 | 
1335.1928 | 2334208 | 
4317.4717. 231.735 || 80. 
4339,1663 | 234.0492 I 
4370.8766 ! 231.3633 
4339 6026 | 2346775 
4394.3148 234.9916 | 
4406.1018 | 235.3058 || 
4417875 | 235.62 
4129.6638 | 235.9341 
44414641 | 236.2482 
1153.2886 | 236.5624 
4465.1216 | 236.8766 || 81. 
4476.9763 | 237.190 
1498 8137 | 237 5049 | 
4500.7268 | 237.8191 | 
4512.6256 | 238.1332 
45245101 | 238.4474 
1536.4704 | 2387616 
4548.4163 | 239.0757 
4560.3787 | 239.3899 
4572.3553 | 239.704 
4584.3583 | 240.0182 
4596.3571 | 210.3324 
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4508.3816 
4620.1218 
4632.4776 
4644.5492 
4656.6366 
4668.7396 
4680.8583 
4692.9927 
4705.1429 
4717.3087 
4729.4903 
4741.6875 
4753.9605 
4766.1292 
4718.3136 
4790.6336 
4802.9094 
4815.201 
4827.5082 
4839.8311 
4852.1697 
4804.5241 
4876.8973 
1389.2799 
4901.6814 
4914.0985 
4926.6314 
4938.932 
4951 .4143 
4963.9213 
4976 .484 
4988.9314 
5001 .4586 
5014.0014 
5026.56 
5039.1342 
5051.7242 
6064.3258 
5076.9552 
5089.5883 
5102.2411 
5114.9096 
5127.5938 
5140.2937 
6153.0094 
5165.7407 
5178.4877 
5191.2505 
5204.0285 
5216.823] 
5229,633 
5242,4586 
5255.2998 
5268.1568 
5281 ,0296 
5293,918 
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240.6465 
240.9607 
241.2748 
241 .5987 
241.9032 
242.2173 
242,5315 
242.8456 
243.1598 
243.474 

243.7881 
244.1023 
214.4164 
244.7306 
245.0448 
245.3589 
245.6731 
245.9872 
246.3014 
246.6156 
246 .9297 
247.2439 
247.518 

247.8722 
248.1864 
248.5005 
218.8147 
249,1288 
249.443 

249.7572 
250.0713 
250.3855 
250.6996 
251.0138 
251.3280 
251.6421 
251.9563 
252,2704 
252.5846 
252.8988 
253.2129 
253.5271 
253,8412 
254,1554 
254.4696 
254.7837 
265.0979 
255.412 

255,7262 
256.0404 
256.3545 
256.6687 
256.9828 
257,297 

257.6112 
257.9253 
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| Diam Area. Circum. | Diam. Area. Circum. | Diam- | Area. Circum. 
2 |5306.8221 | 258.2395 || .8 |6054.5149 | 275.8321| 4 |6851.4810 | 293.4254 
3 |8319.7439 |258.5536 | .9 |6068.3224 | 275.1466| .6 || 6866.1631 | 293.7396 
4 |5332:6775 | 258.866 | 88. | 6082.1476 | 276.4608| .6 || 6880.8579 | 294.0537 | 
5 |5345.6287 | 259.182 || .1 |6095.9684 | 276.7749| .7 || 6895.5685 
6 | 5358.5957 | 259.4961 || .2 |6109.815 |277.0891| .8 | 6910.2947 |: 
7 |5371.5983 | 259.8103 | .3 |6123.67741277.4032| .9 || 6925.0367 | : 
8 |5384.5762 | 260.1244 | .4 |6137.5554|277.7174 94. || 6939.7944 
9 |5397.5908 | 260.4386 | .5 |6151.4491 | 278.0316| .1 | 6954.5677 296. 6245 
83. |5410.6206 | 260.7528 | .6 |6165.3585 | 278.3157| .2 || 6969.3568 | 295.9387 
1 |5423.666 |261.0669| .7 |6179.2837 | 278.6599| .3 || 6984.1614 | 296.2436 
2 |5436.7272 | 261.3811 || .8 |6193.2215 | 278.975 | .4 || 6998.9821 | 296.567 
.3 |5419.8042 | 261.6952/| .9 |6207.1811 |279.2882| .6 | 7013.8183 | 296.8812 
4 |65462.8968 | 262.0094 | 89. |6221.15341279.6024! .6 || 7028.6702 | 297.195: 
5 |5476.0051 | 262.3236 | .1 |6235.1413 |279.9165| .7 || 7043.5025 | 297.5095 
6 |5489.1291 | 262.6376|1 .2 |6219.145 |280.2307| .8 ||7058.418 |297.8236 | 
im |5602.2689 | 262.9519 | .3 |6263.1644 | 280.5148 | .9 | 7073.3202 | 298.1378 | 
8 |5615.4243 | 263.264 || .4 |6277.1995 | 280.859 |95. | 7088.235 |298.452 
9 |6528.5958 | 263.5802 | .5 |6291.2036 | 281.1732| .1 ||7103.1654 | 298.7661 
ga. |5541.7824 | 263.8944| .6 |6305.3168 | 281.4873| .2 ||7118.1116 | 299.0723 
1 |6554.9847 | 264.2085 | .7 |6319.399 |281.8825| .3 ||7133.0734| 299.944 
.2 |5568.2032 | 264.5227 | .8 |6333.497 |282.1156| .4 | 7148.05! | 299.7086 
3 |5581.4372 | 264.8368 | .9 |6317.6813 | 282.4298 | 5 ||7163.0143 | 300.0228 
A |5594.6869 | 265.151 ||90. |6361.74 |282.744 | .6 |'7178.0533 | 300.3369 
5 |5607.9523 | 265.4652 | .1 |6375.885 |283.0581| .7 ||7193.078 |300.6511 
6 |5621.2334 | 265.7793 | .2 |6390.0158 | 283.3723| .8 | 7208.1184 | 300.9652 
1 |5634.5682 | 266.0935 | .3 |6401.2222 | 283.6864| .9 ||7223.1745 | 301.2714 
8 |5647.8428 | 266.4076 | 4 |6418.4144 | 284.0006 | 96. || 7238.2464 | 301 .5936 
9 |5661.171 |266.7218|| .5 |6132.6223 | 2843148 | 1 ||7253.3339 | 301.9077 
85. |65674.515 |267.036 || .6 |6416.8474 | 384.6289| .2 | 7268.4371 | 302.2219 
1 |6687.8746 | 267.501 || .7 |6461.0852/284.9431 | 3 EE 5561 | 302.536 
25701.26 |267.6643 | .8 |6475.3402,285.2572| 4 ||7298.6907 | 302.8502 
3 |5714.641 7 gra | 9 |6189.6109 | 285.5714| 6 303.1644 
4 |5728.0478 | 268.2926 ||91. |6503.8674 | 285.8856 | .6 7329. .0072 | 303.4785 
5 |5741.4703 | 268.6068 || .1 |6518.1995 1 236.1997| .7 |.7341.189 |303.7927 
6 |6754.9085 | 268.9209 | .2 |6532.5173 | 286.5139| .8 || 7359.3864 | 304.1068 
7 |6768.3624 | 269.2351 | .3 |6516.8909 | 286.829 | .9 ||7374.5996 | 304.421 
8 |51781.832 |269.5492 | .4 |6661.2081 | 287.1422 | 97. || 7389.8286 | 304.7352 
9 |5795.3173 | 269.8634 | .5 |6575.5651 | 287.4564| .1 |!7405.0732 | 305.0493 
86. |5808.8184 | 270.1776 || .6 |6589.9158 | 287.7705) .2 || 7420. 3335 | 305.3636 
1 |5822.3361 Mo AS T 1 |6604.3222 | 258.0817| .3 |7435.6095 | 305.6776 
2 |5835.8675 | 270.8059 || 8 |6618.7542 | 288.3088| 4 Fe 9013 | 305.9918 
3 |6849.4157/271.12 || .9 |6633.182 |288.713 | .5 :17166.2087 | 306.306 
4 |6862.9795 | 271.4342 92! |6647.6356 | 289.0272| 6 |7481.5219 | 306.6201 
6 |6876.5691 | 271.7484 | .1 |6662.0848 | 289.3113| .7 :|7496.8707 306.9363 
6 |6890.1541 | 272.0665 | 2 |6676.5597 | 289.6555| 8 ||7512.2253 | 307.24n4 
.7 |5903.7654 | 272.3767 || .3 |6691.0161 | 289.9696| .9 || 7527.5956 | 307.5626 
8 [917.392 |272.6908! ‘4 |6705.6567 | 290.2838 og. || 1542.9816 | 307.8768 | 
9 |5931.0344 | 273.005 || .5 |6720.0787 | 290.598 | .1 || 1558.3R32 | 308.1909 
er. |6944.6926 |2173.3192 | 6 |6:31.6165 | 20.9121| 2 || 1573.8006 | 308.505! | 
1 15958.3644 | 273.6333 || 7 |6749.1699 | 291.2263| .3 || 7589.2338 | 308.8192 
.2 |5972.0669 | 273.9875 || .8 |6763.7391|291.5404| 4 || 7601.6826 | 209. 1334 | 
3 |5985.7691 |274.2616 || .9 |6778.324 |291.8546| 5 | 7620.1471 | 309.4476 
A |6999.4891 | 274.5758 || 93. |6792.9246 | 292.1688| .6 | 7635.6273 | 309.7617 i 
.6 | 6013.2187 | 274.89 1 |6807.5408 : 292.4829 |  ,7 || 7651.1933 | 310.0759 
6 |6026.9711 | 275.2041 || .2 |6822.173 |292.7971| ,8 | 7666.9349 | 310.396 
7 | 60407391 | 275.5183 || :3 |6836.8206 |293.1112] 9 || 5682.1623 | 310.7042 | 
A ——_—_—— —— — — — — _—_—_—_——————————————————————— 


ro 
em 
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TABLE.—-{Continued.) 


Circum. || Diam. 


7760.0347 | 312.276 8 |7822.6154 | 313.5116 
7776.6563 | 312.5892 .9 17838.2998 | 313.8458 
7791.2936 | 312.9033 |[100. |7864. 314.16 
7806.9466 | 313.2175 


7697.7054 | 311.0184 
7713.2641 |311.3325 
7728.8336 | 311.6467 
7744.4288 | 311.9608 


To Compate the Area or Cireumference of a Diameter greater than any 


in the preceding Table. 


See Rules, pages 176 and 181. 

Or, If he Diameter exceeds 100 and 1s less than 1001. 

Remove the decimal point, and take out the area or cireumference as for a Whols Number 
by removing the decimal point, if for the area, two places to the right; and if for the oiroum- 
ference, one place. 

IczusrRariox.—The area of 96.7 is 7344.189 ; hence for 967 it is 734418.9; and the cireum- 
ference of 6.7 is 303.7927, and for 967 it is 3037.927. 


TABLE III]. 

AREAS AND CIRCUMFERENCES OF CIRCLES. 
FROM 1 To 50 FEET. 
[Advancing by an Inch.] 


Area. | Circum. Diam. Area. Cireum. 
— || — 


Feet. |Feet. Ins | Feet. |Feet. Ins. 


1864 3 ft. || 7.0686 
9217 1 | 7.4666 


R 


Où On 0 RO m4 


Do 
O0 


On Où G0 29 TD 


bd basé 
+ © © D I 


1.069 

1.2271 
1.3962 
1.5761 
1.7671 
1.9689 
2.1816 
2.4052 
2.6398 
2.8852 
3.1416 
3.4087 
3.6869 
3.976 

4.276 

4.5869 
4.9087 
5.2413 
6.585 

5.9395 
6.3049 
6.6813 


4 


© CD 00 CD O0 =I 7 =J =J Où Où OC Où Où On Où de à à CG 


2 
5 
4 
6 
6 
7 
8 
9 
0 
1 


1 
1 


6 
6 
7 
8 
g 
0 
1 


1 
1 


À 
2 
3 
4 


7.8767 

8.2951 

8.7265 

9.1683 

9.6211 
10.0846 
10.5691 
11.0446 
11.5409 
12.0481 
12.5664 
13.0952 
13.6363 
14.1862 
14.7479 
15.3206 
16.9043 
16.4986 
17.1041 
17.7206 
18.3476 
18.9858 


si © © OÙ 3 Où EN à C9 RO 


ST 


? 


bi © CO OÙ 3 Où CO à CD DS 4 


pond jt 
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TABLE.-—{Continued.) 












Circum. Dia | Area. Circam. 


mm | me 
msn | | mme 
er N 
En 
2 
ns 
nee 


Feet. Feet. Ins. Feet. Feet. Ins. Feet. |[Feet. Ins. 























TJt| 38.4846 
| 21 117 7 | 105.: 1/ 

1 29.406 | 22 + 8 106:9013 | 38 e 8 | 2073016 [at 46 
| 10e | 22 6) 9 108.4342 | 36 10% | 4 | 209.6264 | 51 332 
41422 |2 4 1 109.9772 | 37 237 6 | 211.6703 | 61 6% 
g| 422367 128 |, 1116319 | 37 654 | 6 | 213.8251 | 61 10 
6 [432022 |23 26 | ft.| 113.0976 | 37 852 7 | 215.9896 | 52 116 
7 | HT | 23 6% | 1 | 114.6732 | 37 11% 8 | 218.1662 | 52 4% 
g| 451656 |23 $ je 2 | 116.2607 | 38 25% 9 | 220.3537 | 52 154 
g | 46-1638 | 2 1 3 | 117.859 | 38 63% || 10 | 222.651 | 52 10! 

10 | 47075 | 24 4% 4 | 119.4674 | 88 8% || 11 | 224 7603 | 53 15; 
| 7. 5 | 121. 3 44 
8 je 49.2236 24 1036 6 122 7181 5) 314 Lee 29 2108 53 47 
| 60: 26 16 || 7|121: 65 4595 
1 513178 | 26 436 | 8 126 Da 7 gi | 31233108 su 136 
2.3816 | 25 7/4 9 | 127.6 54 4 | 235 9682 | 5 
3 63.4662 95 11 | 10 129 3504 40 3% lÈE 4 si 
26 216 11 | 131.0: 7 | se 
5 | 55.6377 | 2% su 113 fl. 1327326 | 40 10 12282 | 65 2% 
6 | 56.7461 | 26 85€ | ‘1 | 1344391 | 41 14 nelals los 8 
7 57.6626 26 11 | 2 | 136.1574 | 41 456 | 9 ETES ss dk 
| 7 2% | 3 | 137.8867 | 41 74 : | 
g| 699 |27 2% | 311 8 ‘| 10 | 249.7781 | 56 
DS |27 64 39.626 | 41 10% || 11 | 2521184 | 56 314 
11 | 624485 28 1 oliasigo | 4% 8/1) 2544096 | 66 Gi 
9 ft. 63.6174 | 28 31; 7 | 1449111 |42 8 à | 239 2083 | OS 56 
1 | 648006 | 28 632 | 8 | 146.6949 | 42 114 a T8 lon 46 
2 | 65.9951 | 28 91: | 9 | 148.4896 | 43 21, à Le our los à 
3 | 67.2007 | 29 % !! 10 | 150.2913 | 43 52 6 | 266 an64 | o7 101 
“ 68.416 | 29 3% | 11 lis21o0 | 43 85 | 6 | 28 non |o6 13 
4 129 7 |L ft. 34 16 
6 | Vosezs | ado Lines II | T|2122 58 41 
T | 72.1309 | 30 1X | 2 | 157.625 | 44 6” D 216001 | D 105 
e 73-381 30 456 3 | 169.4852 | 44 916 | 10 DS TL Fe re 
4.662 |30 7% 1 4 14 2 
10 | 750438 | 30 118 À 5 | Leg 2978 [45 25 Mon |2610872 58 5% 
11 | 772362 | 31 1% || 6 | 1651303 | 45 65: 197. 20 | 50 84 
10 fi.| 78.54 |31 6 7 | 167.0331 | 45 932 | D 2 no | 9 11 
1 | 79.854 |31 814 8 | 168.9479 | 46 % | à | 201 0807 | 60 2 
2 | 81.1795 | 31 1114 | 9 | 170.8735 | 46 4 | à | 203 seu | 00 0% 
3 | 82.516 |32 9235 || 10 | 172.8091 | 46 714 5 | 208 2007 | 00 122 
a | 838627 | 32 61, | 11 Lima ses | 46 quo | © | 296-107 | 60 11f6 
5 | 85.2211 | 32 826 |115 t.| 176.715 | 47 11, FU Sol ON 
| 6 | 86.5903 | 32 1124 | 1 |178.6832 | 47 45% 8 | ga rn0g | 0 ca 
n| aro6ur | 33 2% | 2 | 1anessa la 72 | 912047 6 95 
8 | 89.3608 | 23 626 | 3 | 1826545 | 47 107, | AÉSAERE 
9 | 90.7627 | 33 914 || 4 | 1846555 | 48 91% | 10 | RO | 6L 35 
10 | 92.1749 | 34 # | 5 | 186.6684 | 48 51 | IL SIA | 62 Ga 
11 | 936986 | 24 3% | 6 |iaggos | 48 ge |20/1 fldl5, | 62 9 | 
11 ft.| 96.0334 | 34 6 | 7 | 190.726 | 48 113< | DST) 62 lé | 
1 | 964783 |a4 9% | 8 |1o27me | 49 25 | 2|3194178 | 63 44 
2 | 979247 |35 Z% | 91948282 | 49 53° | © | 922 UE, | 69 76 | 
3 | 99.4021 | 35 4% || 10 | 1968946 | 49 8% 5 | S2r ann | 03 16 
4 |100.8797 | 36 7124 || 11 198973 | 50 6|3273868 | 63 16 | 
6 192. 3689 35 105 16 p* 201.0624 | 60 314 $ 330 750 on 1% | 
f 
36 1% 203.1615 __6 108.860 | 36 1% | 1 12031615 | 60 654 | 8 | 3364526 | 64 11 Ï 
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Diam. À ° re e 






9 | 338.1627 1 
10 | 340.8844 és pe. 41 501.051 179 716 || 11 | 702.9377 | 93 117 
11 | soins les eu | 6 |610 7063 | 80 159 | 706.86. | 94 2% 
21 ft.| 316.3614 | 65 11% 7 | 614.0484 | 80 4 À 1 10-7909 | 94 Éd 
1 | 349. 934 80 4° | 
JUNE Glane) ?|Mte) à a 
354.657: | 66 9 10 10% | 4 | 122.6637 | 95 3% 
4 | 357.4432 | 66 x | 5241441 le 1% || 5 | 7266308 | S 6% 
5 | 360.2417 | 67 354 [26 027.618 | 81 5 6 | 730.6183 | 95 65 
‘26 fe. 630.9304 30.6183 | 95 9% 
6 | 3630811 | 67 81 | A 81 816 || 7|71346147 | 96 
7 | 365 8698 | 67 9% | sua ag79 | 81 1114 || 8 | 1386242 | 96 4 
L 6 || 25377683 | 82 2% | 96 4 
a | S68.70i1 | 68 3 | sul lu0ë | 02 5 | 10 TaaaT | 06 156 
10 | Games les 1 | S|loiso8s | 2 8% | 11 | 760.716 | 97 1 
| 11 | 377-2687 | 68 1016 6 | 851-5471 | 83 1176 ||81 fe. 764.7694 #7 4% 
: | 380.1: | DL. 3 3 "2 
METIER IRIECTEÉ 2 | 1629062 | 97 10/4 
AL . L Le C] 
| 2smso lo 76 DGonr le À à | 771-0866 | 98 6 
4 | 391-7389 | 70 14 | 10 | 565.5084 | 84 916 | 6 | 715.191 | 9 
5 | 301 6603 | 70 178 | 11 | 569.027 | 81 6% | 6 Rare ,8 5 
6 | 397.6087 | 70 Be UT 572.666 | 84 978 | 7 | 1834405 99 ne 
7 | 400 558: 0919 | 85 1 7 8 
loss ou) goes) ac) [mire | 5e BA 
406.49: $ d- 85 8! 892: ° 
| 1Ô 106.4985 171 656 | 4] 5867796 | 85 11% 11 | 800.065€ 100 3 
1 | 412.4707 | 71 11/4 + 86 11£ ||32 fr. 804. 
d 6 | 593.9587 | 86 4% .| 804.2496 |100 6 
23 fe] 4154766 | 72 3 | 65939667 86 4% | 1] 808-4422 |100 9 
LA agats | 12 6% | 8 1.5625 | 86 7/5 || 2 | 812.6481 $ 
: n . 101 5 
2 | 4215192 | 72 95 601.1793 | 86 11 3 | 816.865 de 
3 lu ss 4] 91604807 |87 2 ts 101 3% 
jen ln 10 | mag ler Gé 5) es 10! 10e 
5 | 430.6658 | 73 624 :|28 0931 | 87 8 6 | 829.787 
\ 24 19 | , 7 . 102 1 
8 las las 92 fr] 615.7536 | 87 1112 1 | 822 8268 
ns | T 1 | 619.4228 | 88 25 33.8468 |102 4%$ 
jee | mile de) D[dies en 
9 | 443.0146 | T4 74 5:6.17982 | 88 9 || 10 | 846.6813 ge 
10 À 14 | 4 | 630.5002 | 89 1j 16.6813 |103 17 
AP PR ER DETTES 
24 fr.| 452.904 | 75 4% | 79411 | 89 6% | ‘1 | 860. 
F 5 | 2 e11e7se ‘4 || (1859.62 |103 111 
1 | 455.5362 | 75 7/4 | 8 58 | 89 92 || 2 | 863.9609 
2 645.4235 | 90 5% Jos [C4 23 
Fe sl À 9 eur | 90 a%e | à | s266as |10t 92 
a | 465.0128 | 76 5% | 10 | 652.9195 | 90 68 | 6 | 87 6649 [104 85 
5 | 4682311 | 16 8% Lo f 60 8214 | D 6 BB 4161 105 La 
SlA a 15 1129 fe. 660.5214 | 91 154 É 
S [aride | 76 11% | 2 [Gosse | où 43 | 8 | 90.206 |108 s 
8 |ai8n6 | 17 6% | 3 | 6716587 | 91 136 || 9 | 8916196 | 106 " 
10 | 481 35 4 | 675.7915 | 92 12 2.0418 [106 876 
MP ES AIRIS IE AE AITE 
25 ft | 490.875 |178 612 | ÿ- 92 8 1 | 912.3767 £ 
2 « , 107 0% 
| Aouiste | 78 0 | 7 | 687.3598 | 92 1114 || 2191 6 
16 8 | 691.2385 6.8445 | 107 4 
2 | 497.41I1 | 79 1 9 NT 93 236 3 | 921.3232 |10 
2 Sosa las a] 11508, 108 66 | 4 ds ina | 107 LÉ 
à? 0 699.0: : c 5/7 .8103 107 1034 
6 263 | 93 826 || 5 | 930.3108 L108 1% 














(Ju) 
CSD 
Fe © LD O0 23 Où Où ne O9 9 TD Ei © © O0 =I 


C9 
oo 


«0 © =4  OuR 69 Ro 4 À 


O3 
© 


934.8223 
939.3421 
943.8753 
948.4195 
952.972 
957.538 
962.115 
966.7701 
971.2989 
975.9085 
980.5264 
985.1579 
989.8003 
994.4509 
999.115! 
1003.7902 
1908.4736 
1013.1705 
1017.8784 
1022.5944 
1027.324 
1032.0646 
1036.8134 
1041.5768 
1046.3491 
1051.1306 
1055.9257 
1060.7317 
1065.5459 
1070.3738 


.11075.2126 


1080.0594 
1084.9201 
1089.7915 
1094.6711 
1099.5644 
1104.4687 
1109.381 

1114.3071 
1119.244 

1124.1891 
1129.1478 
1134.1176 
1139.0953 
1144.0868 
1149.0892 
1154.0997 
1159.1239 
1164.1591 
1169.2023 
1174.2592 
1179.3271 
1184.403 

1189.4927 


.11194.5934 
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108 4% 
108 
108 
109 
109 
109 
109 
110 
110 
110 
111 
111 
111 
111 
112 
112 
112 
112 
113 


CSN 
© 
pas pmé 
es © D OÙ =3 > Où à É KO rs 


band Vend 
+ © D O0 =3 Où OR © RO TD 


Fa 
jt 
> 


put Pan 


R 
% 
End pd 


2 
3 
4 
5 
6 
7 
8 
9 
0 
l 
St 
1 
D 
3 
4 
6 
6 
7 
8 
9 
0 
1 
fi 
1 
9 
3 
4 
5 
6 
7 


4 
122 64 


1199.7195 
1204.8244 
1209.9577 
1215.099 

1220.2542 
1225.4203 
1230.6943 
1235.7822 
1240.981 

1246.1878 
1251.4084 


.| 1256.64 


1261.8794 
1267.1327 
1272.397 

1277.6692 
1282.9553 
1288.2523 
1293.5572 
1298.876 

1304.2057 
1305.5433 
1314.8949 


.| 1320.2574 


1325.6276 
1331.0119 
1336.4071 
1341.8101 
1347.2271 
1352.6551 
1358.0108 
1363.5406 
1369.0012 
1374.4697 
1379.9521 


.| 1385.4456 


1390.2467 
1396.4619 
1401.988 

1407.5219 
1413.0698 
1418.6287 
1424.1952 
1429.7759 
1435.3675 
1440.9668 
1446.5802 


1 1452.2046 


1457.8365 
1463.4827 
1469.1397 
1471.8044 
1480.4833 
1186.1731 
1491.8706 


Feet. Ins. 


122 
123 
123 
123 
123 
124 
124 
124 
124 
125 
125 
125 
125 
126 
326 
126 
126 
127 
127 
127 
123 
128 
128 
12 

129 
129 
129 
129 
130 


En 
CG 


De 
a 


de 
J 


bed pt 


bé bu 


jé bd 
D © «© 00 =7 Où Ou Lo RO me TD en © D 00 =3 Où Ou 20 RO mb 7 © 0 00 7 Où Or à 9 RS =D == © «0 C0 =7 > Où à CO RO 


bus jané 


1497.6821 
1503.3046 
1509.0348 
1514.7791 
1520.5344 
1526.2971 
1532.0742 
1537.8622 
1543.6578 
1549.4776 
1555.2883 
1561.1:65 
1566.9591 
1572.8125 
1578.6735 
1684.5488 


.| 1690.435 


1596.3286 
1602.2366 
1608.1555 
1614.0819 
1620.0226 
1625.9743 
1631.9334 
1637.9068 
1643.8912 
1649.8831 
1655.8892 


.| 1661.9064 


1667.9308 
1673.9698 
1680.0196 
1686.0769 
1692.1485 
1698.2311 
1704.321 

1710.4264 
1716.6407 
1722.6634 
1728.8005 


. 1734.9486 


1741.1039 
1747.2738 
1763.4545 
1759.6426 
1765.8462 
1772.0587 
1778.2196 
1784.5148 
1790.761 

1797.0145 
1803.2826 


.| 1809.6616 


1815.8477 


2 |11822.1485 
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Diam. Aren. Cireum. || Diam. Area. Cireum. ||Diar. Area. Cireum. 
Feet. |Feet. Ina. Feet. |Feot, Ins. Feet. |Foct. Ina. 
3 lis2sacozl ion 676] 11 |1879.3365|153 8 7 |1930.9188 1155 9% 
4 lisgurrot | 161 1016 ao fe) 1885.7454 | 153 111, | 8 19273159 1156 
5 figali727|152 14] “1 [18921724 /154 24] 9 [1943014 |156 31€ 
6 [184745711152 4% || 2 |1898.5041 1154 6% || 10 |1950.4392|156 6% 
7 |1853.8087/152 74] 3 |1905.0367/154 85,| 11 |1956.9691 [156 9% 
8 fisgo.ins 162 10%] 4 [iout4vés/ 16€ 12 fsonl163s [ist % 
9 |1866.5621 | 153, 14 
10 |1872.9386 153 374 
TABLE OF THE SI 
cIl 
Diam.lside of Sa Diam.|Side of Sq.|| Diam.|Side of 8q.|| Dinm.|Side of Sq.|| Diam. Side of Sq. 
LD 13.2934 |22. |19.497 29. | 25.7006 
A 13616 || 26] 19.7185 || 16] 26.921 
D 13.7365 || .14 | 19.9401 16 | 26.1437 
#4 : 139581 | 24] 20.617 || .%| 26.3653 
2. . . | 14.1796 ||23. 20.552 . 208 
= cl iao2 | 16! 206048 || :15| 26.80 
s 8 #4 1agoer | ‘1 | 20.8263 || 12 | 27.0299 
4 DA 184 | 14:8443 || 55] 21.0479 || .37| 27.2515 
3. AUX 17." | 15.0659 |124. 7 | 212694 ||31. | 27.473 
24 52 gl 15.2874 | | 21491 | 15] 27.6946 
En su la | 141 217126 | ‘| 27.9161 
Ja EA 321 15.7305 || 35! 21.9341 || 34] 28.1377 
4, 1. 18: "| 15-9521 |125. 2.85 -, | 283608 
A : 4161736 || 15] 22.3 14] 28.5808 
& “4 “€ 163052 | 12) 225988 || 12] 28.8024 
EA H HT 166168 || .34] 22.8203 || .34| 29.0239 
5. 12. 19" | 16.8382 |l26.” | 23.0419 ||a3. | 29.2456 
A 7 | 170599 | 14 | 232634 || 16] 29.467 
& Je él arosta | ‘4193485 | ‘1£| 296886 
4 LA Ja | 17.603 1341 23.7066 || .%1| 29.9102 
6. 13. 20! |17.7245 [la | 239281 ||4. | 30.1317 
LA LA | 179461 || 24.1497 || | 30.3533 
& Do isaerr | {| 24712 | | 30.5748 
A E :% | 18.3892 || 55] 24.6928 || .*{| 30.7964 
4. a1: | 186108 [leg | 24.8144 35. | 31.0179 
kK kK | 188323 || 241 25.0359 || 3j] 31.2395 
| 5% en | 190550 | 2] 252676 || $| 314611 
l EA K| 130718 || :34| 19.2764 || :54| 26.469 X | 31.6826 





30 SLDES OF EQUAI, “QUARES. 


TABLE-—{Continued). 





Diam. [Side of Sq.| Diam. {Side of Sq.!| Dinm.|Side of Sq. | Diam.|Side of Sq.|| Diam. {Side of Sa. 


_——.—….…."—— | men nn nes al “mm. | mmecmammmmmmmemme | | mme | mn — a 
























































36. | 31.9042 |l49. | 43.251 1152. | 549461 175. | 66.467 | 88. |17.988 
34 | 32.267 || 24 | 43.6167 | 11 55.1676 | 141 66.6886 | 14 |7a.2n95 
lé | 32.3473 || .1$ | 43.R682 || .1$ | 55.3892 !| .1: | 66.9104 15 |78.4316 
S4 | 32.5688 || .34 OT Ja | 53.6107 ‘| .24 | 67.1317 | 34 | 78.6526 

37. | 32.7904 |50. | 14.3113 ‘163. | 55.8323 176. | 67.3532 || 69. |7R.8742 
M | 33.0112 || .1L| 44.5329 || 14] 56.0538 | .14| 67.5748 14 |79.0957 
16 | 33.2335 14 | 447545 || .16] 56.2754 | .1, | 67.7964 ts |79.8173 
34 | 33.4551 || .32 | 41.976 | .34| 56.497 ‘| .3% | 6R.0179 34 |79.553k9 

38. | 33.6766 |151. | 45.1976 164. |66.7185 177. | 68.2395 |! 90. | 79.7604 
4 | 33.8982 || .15 | 45.4191 || .141 56.91401 | .1£| 68.461 || * .14 : 79.982 
16 | 34.1197 || .15 | 45.6407 | .14| 57.1616 | .1, | 68.6826 19 | R0.2043 
V4 | 343413 || .321 45.8622 || .3/1 57.3R32 | .34 | 68.904 .35 | 80.451 

39. | 34.5628 |152. | 46.0834 1165. | 57.60147 178. | 69.1257 || 91. |#0.6467 
| 34.7884 || .1/| 46.3054 | .1/| 57.8263 | .14 | 69.3473 17 | KO.8682 
14 | 35.006 A1, | 46.5269 || 1, | 58.0479 | .1, | 69.5688 12 | SL.0R9%x 
34 | 35.2275 3, | 46.7435 | .32| 5N.2694 | .37 | 6y.7904 35 81.313 

40. | 35.4491 1158. | 46.07 166. | 58.491 179. | 70.019 || 92." |81.5329 
M4 | 35.6706 Lg 47.1916 | | 58.7125 | .1/ | 70.235 14 [81.7544 
6 | 85.8922 || .12| 474131 | 14] 5s.9341 ‘| 1 | 70.155 12 | 81.976 
Ja | 36.1137 || 34] 47.6317 ‘ 3! 591556 ! .%4 | 70.6766 37 |82.1975 

41. | 36.3363 ||54. | 47.8562 67. | 59.3772 180. | TO.S9x1 || 93. |&24191 
24] 36.5569 || .2<| 480778 || 24) 59.988 | 2j) 711197 | 1j, 82.6407 
4e | 36.7784 || .!2 | 45.2994 | 1, ! 598203 | 1, | 713413 12 | 8R2.X622 : 
4 | 37. 3 | 48.5209 34! 60.0419 ! À | 71.5628 3Z | 83.083h 

42. | 37.2215 [155 | 45.7125 68. | 50-2634 Mg1." | 71.7844 || 94. |<3.3053 
24 | 37.4431 || 1,| 43.964 | 34160485 | 16] 720059 | 14 k3.5269 ! 
15 | 37.6646 || .1, | 491856 || (151 60.7065 !| 19 72.2275 || 315 3.744 
74 | 37.8862 || .3{, 494071 , .3{ | GO.9281 | sl 72.491 | .371#3.970 

8. | 381078 |56. | aS6nT kg. | 611407 42. © | 72.6706 | 95.7 | «11916 
| 38.3293 || 12! 49.K503 | 613712 || og 12.8921 | L(' Hi 4131 
lo | 38.5509 Jo 60.0718 :; 1, | 61.5924 1,1 73.1147 1 15 R4.6347 | 
Ja | 38.7724 || 5: 60,2038 ‘ S | 618tix | 3,1 543353 !  ,3/ 1.856 

dt. | 38.994 1157. | 50.5149 170. | 62.0359 183. | 73.8568 :| 96. | &5.077S 
14 | 39.2155 4 60.7865 || 14 | 62.2574 || .141 73.7784 | 4 | 85.2993 | 
lg | 49.4371 || lo! 50.958 ‘| ,1, | 62.479 Ja 73.9999 1! 1, 855209 
34 | 39.6587 || a! 51.1796 | Da | 62.7006 | al 74.2215 4  .35|#5.7425 

45. | 39.8802 |58. | 614012 171. | 62.9221 84, | 144431 | 97. |25.9616 : 
14 | 40.1018 || .14| 51.5227 | 14 | 63.1437 | .14| 71.6647 LU; | 86.185 
4 | 40.3233 || 1] 51.443 | .1, | 63.3652 | el 74.H862 ‘| 1, | #6,14071 , 
37 | 40.5449 Dal 620658 ! Ji] v3.6868 |! 7 73.1077 | 35 | e86.62<9 : 

46. | 40.7664 159. | 52.2-54 72. | 638083 |X5. | 75.3293 : 98. | Rü+502 | 
34140988 | 25] 62500 1 25] 61.0290 || [1,1 75.650817: K1.0718 
36 | 412096 || .l2. 52.705 | 15 642614 À 3 15.772 | le N7.2933 
35 | 414811 | Ja: 52.952: | 3 | 644730 1 4 o.9934 1 5, S7.5019 

47. 41.6527 ||60, | 55.1126 163. G4.6916 | 96. 76,2155 1 99, K5.72464 : 
4 | 418742 || 3 63.3952 | 14 | 649161 | 1, | 76.4871 !l  .L{]87.95x 
36 | 42.0958 || 1 526167 ! 1, 65.1377 || 1, 566586 | 1 | S.1706 | 
37 | 42.3173 Ja | 53.8343 | 35 | 65.3592 |: ,3, | 16.k802 3j: S84011 

48.7" | 42.5839 |I61. | 64.0598 Ir. 65.580 |S7. | 77.1017 [100 [sN.6227 
4 | 42.7604 MH! 612814 1£ 1 68.8023 | 14) 77.8233 LL I SS.8442 
46 | 42.982 || .%| 64.503 | JL | 66.029 | ll 77.5419 | 1 89.0658 
34 | 43.2036 % | 64.7245 || .74| 66.2455 || .Ÿa | 77.7664 a | 89.2874 

TE 


ms 
EP <<< PP mme 


TABLE VI. 


TABLE OF THE LENGTHS OF CIRCULAR ARCS. 


The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts. 


H'ght. 
1 
10 
.102 
.103 
104 
105 
.106 
.107 
108 
.109 
110 
111 
112 
113 
114 
115 
.116 
117 
118 
119 
12 
121 
.122 
123 


146 
147 


Length. 


1.026415 
1.02698 
1.02752 
1.02806 
1.0286 
1.02914 
1.0297 
1.03026 
1.03082 
1.031239 
1.031956 
1.032514 
1.03312 
1.03371 
1.0:343 
1.0319 
1.032551 
1.03611 
1.03672 
1.037314 
1.03797 
1.086 
1.032923 
1.03987 
1.014051 
1.041116 
1.04181 
1.04247 
1.041313 
1.0138 
|1.04447 
1.014515 
1.015854 
1.014652 
1.04722 
1.01792 
1.01862 
1.01932 
1.05003 
1.05075 
1.05147 
1.0522 
| 1.05293 
1.05367 
1.05141 
1.055:6 
1.05591 
1.05667 








H'ght. | Length. 


—————_——— 





1.05743 
1.05%19 
1.05896 
1.05973 
1.06051 
1.0613 

1.06209 
1.06288 
1.06363 
1.064149 
1.0653 

1.06611 
L.0669: 
1.065719 
L.U6K58 
1.069141 
L.07025 
L.07109 
L.07194 
1.07279 
1.073465 
1.07451 
1.07537 
1.07624 
1.07711 
1.07799 
L.07888 
L.07977 
1.080866 
1.0$156 
1.082416 
1.083237 
1.024128 
os 


L.08611 
L.08704 
1.083797 
L.0889 
L.08984 
1.09079 | 
1.091741 
1.092269 
1.092365 ! 
1.091461 
1.09557 
1.09654 ! 
1.09752 | 
1.0985 





I'ght. 
196 
.197 
198 
.199 
.2 
201 
202 
.203 
.204 
.205 
206 
207 
.208 
.209 
21 
211 
212 
213 
214 
215 
216 
217 
.218 
.219 
.22 
221 
.222 
.223 
.224 
.225 
.226 
.227 
.228 
.229 
.23 
.231 
.232 
.233 
.234 
.235 
.230 
.237 
.238 
.239 
.24 
241 
.242 
.243 


Length. 


1.099149 
L.10048 
10147 
10247 
10:48 
10447 
10548 
.1065 

10752 
10855 
10958 
11062 
11165 
11269 
11374 
11479 
11584 
11692 
11796 
LE9U4 


2118 
.12225 
12331 
.U2445 
12556 
12663 
12774 
12885 
12997 
.13108 
13219 
13331 
13144 
13557 
13671 
15786 
13903 
1402 

14136 
.14247 
14363 
.1448 

14597 
.14714 
1.14831 
1.14949 
1.15067 


et Det nt po pt ue et Qt D et Gt pd Ds eut Dans Dot Got Dee Des Dent pes end nd pet Gent pers Det ent mnt ne out Det bed Dent Gent pt pen Put Dent peus pos jus pans 


2011 | 


H'yht. 


Length. 


.16526 
.16649 
16774 
.16899 
17021 
1715 

.17275 
17401 
17527 
17655 
.17784 
17912 
.1804 

18162 
.18294 
.18128 
.18557 
.18688 
.18819 
18969 
.19082 
19214 
19345 
19477 
.1961 

1.19743 
1.19887 
1.20011 
1.20146 
1.20282 
1.20419 
1.20538 
1.20696 
1 .20R28 
1.20967 
1.21202 
1.21239 


et es et et ed et Qt Qt del Det Dee end jemnt pet ent Det amd pus Dee und put Dee 006 Dee Out pret fume font put Out Det benne 
. L ] L 1 C1 s e e L] L] - L] 


H'ght. 


\ 





Length. 


ms À | meme | mcm (| mm | mme 


1.2138l 
1.2152 

1.21658 
1.217994 
1.21926 
1.22061 
L.22203 
1.22347 
1.22495 
1.22635 
1.22776 
1.22918 
1.230561 
1.923205 
1.234349 
1.23194 
1.243636 
1.2378 

1.232921 
1.2407 

1.24216 
1.2436 

1.24506 
1.246554 
1.24801 
1.21946 
1.25095 
1.25243 
1.25391 


‘1.25539 


1.25686 
1.25836 
.25987 
1.26137 
1.26286 
1.26437 
1.26588 
1.2674 
1.26892 
1.217044 
1.27196 
1.27349 
1.27502 
127656 
1.278 
1.27964 
1.28118 
1.28273 


32 


| Length. 





ST 
1.32086 


1.32741 
1.32905 
1. 33069 | 


1.33564 | 


[Kent] Length. | Heht. | rent] Length. | Hehe. | Length. | 1e tb. | ent Hght. 
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LENGTHS OF CIRCULAR ARCS. 


TABLE.—(Continued.) 


1: 3373 L 
LAS | 
1 34290 

1.34229 | 
1: 34396 : 
1.34563 : 
1.34731 | 
1.34899° | 
1. 36068 | 
1.35237 | 
1.35406 ;; 
1.35575 
1.35744 
1.35914 
1 36084 | 
1. 36495 | 
1.36596 | 
1.346767 
1.36939 ; 
1.347111 
I. 317283 | 
1.374556 : 
| 137628 | 
1.37801 
1.37974 
1.381418 
1.38322 : 
1.383496 
1 38671 | 
1.38846 ‘ 
139021 | 
L. 39196 





406 


407 
.408 
.409 
41 

411 
412 
413 
414 
415 
416 
417 
418 
419 
.42 

421 
422 


423 
4924 
.425 
1426 
427 


.428 
429 
.43 


431 
432 
433 


434 


435 
.436 
437 
438 








Length. | H'yht. 


| —— 


1 ao372 | 439 
1.439548 | .44 

1.39724 || .441 
1.399 || .442 
1.40077 | .443 
1.40254 || .444 
1.40432 | .445 
1.406 | 446 
l 40788 | A47 
1.40966 !: .448 
1.41145 || .449 
1.41324 || .45 

1.41503 || .451 
1.41682 || .452 
1.41861 || .452 
1.42041 || 454 
1.422929 || 455 
1.42402 || 456 
142583 || .457 
1.421764 || .458 
1.42942 || 459 
1.431927 || .46 

1.43309 || 461 
1.431491 || .462 
1.43673 || .463 
143856 || .464 
1.44039 || .465 
1.414222 || .466 
1.444105 || .467 
144589 || 468 
1.44773 || .469 
1.44957 l' 47 

1 145142 || 47 AT 








1.453927 
1.45512 
1.45697 
1.45883 
1.46069 
1.46255 
1.46441 
1.46628 
1.46815 ! 
1.47002 | 
1.47189 
1.47377 
147565 
1.471753 
1.479142 
1.48131 
1.4832 
1.48509 
1.48699 
1.4K#89 
1.49079 
1.49269 
1.4946 
1.49651 
1.198412 
1.50033 
1.50224 
1.501416 
1.506085 
1.508 
1.50992 
1.51185 


151378, 








Length. | Ight. | 


Length. 





1.651571 
1.51764 
1.651958 
1.52152 ‘ 
1.52346 
1.52541 
1.52736 
1.562931 : 
1.53126 
1.53322 
1.53518 
1.53714 |! 
1.5391 
1.54106 | 
1.54302 
1.54499 
1.54696 
1.541893 
1.5509 
1.55288 
1.55486 
155685 
1.558564 ; 
1.56083 
1.566282 
1.56481 
1.5668 
1.56879 
1.57079 











To Ascertain " Length of an Are of a Circle by the preceding Table. 


Roze.—Divide the height by the base, find the quotient in the column of hoeizhts, and take the 


1 h of that height from the next righthand column. 
Da of the aro, and the product will give the length of the arc. 


Muitiply the length thus obtained by the 


Exawece.—What is the length of an arc of & circle, the base or span of it being 100 feet, and the 
Dan DR 26: and .25 per table, = 1.15912, the length of the base, ihich, being multiplied by 100 — 
Hs. D en in the division of a height by the base, the quotient has a romainder after the 
ir place af dial, ad gran sn en Riloming length moy 
the remainder by the said fraction al remainder, add the product to the first LONG, and the sum will 
be tels Proc in the eagth of an arc of a circle, the base of which in 35 feet, and the height 
ne 22857 ve the tabuter length for .228=1.13381, and for .229 = 1.13444, the difference 


between which is .00113. Then .5714 x .00113 — 
.228 = 1.138331, 


Hence 


and 


the arc is s to be multiplied ; and 1.133955682 x 35 — 39.688465 feet. 


uotient. 


.000645682. 


.0005714= .000645682 
1.133955682, the sum by which the base of 








TABLE 0F THE LENGTHS OF SEMI-ELLIPTIC ARCS. 


TABLE VII. 


The Transverse Diameter of an Ellipse assumed to be Unity, and divided into 1000 
equal Parts. 








1.01162 
1.041262 
1.041362 
1.041462 
1.014562 
1.01662 
1.041762 
:.01862 
1.01962 
1.05063 
1.05164 
1.05265 
L.05366 
1.05467 
1.05568 
1.05669 
1.0577 

1.05872 
1.059741 
1.06076 
1.06178 
1.0628 

1.06382 
1.061841 
1.06586 
1.06689 
1.06792 
1.06895 
1.06998 
1.07001 
1.07204 
1.07308 
1.07412 
1.07516 
1.07621 
1.07726 
1.07831 
1.07937 
1.080413 
1.08149 
1.08255 
1.08362 
1.08469 
1.08576 
1.038684 
1.038792 
1.08901 
1.0901 











H'ght.| Leng h. 


1.09119 
1.09228 
1.0933 

1.0914; 
1.095358 
1.09669 
1.0978 

1.09891 
1.10002 
1.10113 
1.102241 
1.10335 
1.104147 
1.1056 

1.10672 
1.10784 
1.10896 
1.11008 
1.1112 

1.11232 
1.11344 
1.11456 
1.11569 
1.11682 
1.11795 
1.11908 
1.12021 
112134 
112247 
1.1236 

1.12473 
1.12586 
1.12699 
1,12813 
1.12927 
1.13041 
1.13155 
1.13269 
1.133933 
1.131497 
1.13611 
1.13726 
1.13841 
1.13956 
1.14071 
1.14186 
1,14301 
1.14416 





a 


H'yht. 


Length. 


1.14531 
1.14616 
1.14762 
1.146888 
1.15014 
1.15131 
1.152148 
1.15366 
1.15484 
1.15602 
1.1572 


1.154838 


1.15957 
1.16076 
1.16196 
1.16316 
1.16436 
1.16557 
1.16678 
1.16799 
1.1692 

1.17041 
1.17163 
1.172865 
1.17407 
1.17529 
1.17651 
1.17774 
1.17897 
1.1802 

1.18143 
1.18266 
1.1839 

1.18514 
1.183638 
1.18762 
1.18886 
1.1901 

1.19134 
1.19258 
1.19382 
1.19506 
1.1963 

1.197565 
1.1988 

1.20005 
1.2013 

1.202556 


IPght. 


———……—…—— À me À | Ommmmmnmne | Om“ | |  cmmmmmmmmmenpf mmmmmqmmmmmpmmmmmemgen À | mmcmm | eme | | mms 


Length. 


H'ght.| Length. 





1.26601 
1.267344 
1.26867 
1.27 
1.27133 
1.27267 
1.27401 
1.275636 
1.27669 
1.27803 
1.27937 
1.28071 
1.282065 
1.28339 
1.28474 
1.28609 
1.28744 
1.284879 
1.296014 
1.29149 
1.29285 
1.29421 
1.295567 
1.29603 
1.298329 
1.29965 
1.30102 
1.30239 
1.30376 
1.30513 
1.3065 
1.30787 
1.30924 
1.31061 
1.31198 
1.31335 
1.31472 
1.3161 
1.31748 
1.318386 
1.32024 
1.32162 
1.323 
1.32438 
1.323576 
1.32715 
1.328354 
1.32993 









TABLE.—{Continued.) 


LENGTHS OF SEMI-ELLIPTIC ARCS. 





Length. 


1.33132 
1.33272 
1.33412 
1.33552 
1.33692 
1.33833 
1.33974 
1.34115 
1.34256 
1.34397 
1.34539 
1.34681 
1.34823 
1.34965 
1.35108 
1.352561 
1.356394 
1.35537 
1.3568 
1.35823 
1.35967 
1.36111 
1.360255 
1.36399 
1.36543 
1.36688 
1.390833 
1.36978 
1.37123 
1.37268 
1.371414 
1.37662 
1.37708 
1.317854 
1.38 
1.38146 
1.38292 
1.381439 
1.38585 
1.383732 
1.38879 
1.390241 
1.39169 
1.39314 
1.39159 
1.39605 
1.397651 
1.398397 
1.40043 
1.40189 
1.40335 
1.40481 
1.40627 
1.40773 
1.40919 
1.41065 





H'ght. 








Length. 


1.41211 
1.41357 
1.41504 
1.41651 
L.41798 
1.41915 
1.42092 
1.42239 
1.142386 
1.42533 
1.426! 
1.42829 
1.42977 
1.43125 
1.434273 
1.431421 
143569 
143718 
1.43867 
1.44016 
1.44165 
1.414314 
1.441463 
1.44613 
1.44763 
1,44913 
1.45064 
1.45214 
1.45364 
1.46515 
1.45665 
1.45815 
1.456966 
1.46167 
1.46268 
1.464119 
1.4657 

1.46721 
1.46872 
1.47023 
147174 
147326 
1.47478 
14763 

1.47782 
1,47934 
1 45086 
1 48238 
1.482391 
1.48544 
1.489697 
1 .4885 

1.49003 
149157 
1.49311 
1.49465 





| 


Hght.| Length. 


mtms À em || mme | mme fm | —— 
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1.49618 
1.49771 
1.49924 
1.50077 
1.5023 

1.560383 
1.50536 
1.50689 
1.50842 
1.50996 
1.5115 

1.513041 
1.51458 
1.51612 
1.51766 
1.5192 

1.5%074 
1.52229 
1.523854 
1.652539 
1,52691 
1.528419 
1.53004 
1.531359 
1,53314 
1.534109 
1,53625 
1.537681 
1.539:37 
1.514093 
1,51249 
1.514405 
1,54561 
1.514718 
1.514875 
1.650:32 
1.655189 
1.553416 
1.565503 
16566 

1.55817 
1.65974 
1.56131 
1.656289 
1 ,56447 
1,56605 
L,56:63 
1,66921 
1.570839 
157234 
1.567339 
1,57544 
1,57699 
1.678541 
1.58009 
1.658164 


qq 
. e . C1 e . e e. Qi] , e . e e e . « , e . 


H'yht.! Length. 






1.58319 


‘| 1.58474 


1.58629 
1.58784 
1.5894 
1.59096 
1.59252 
1.59408 
1.59564 
1.5972 
1.59876 
1.60032 
1.60188 
1.603244 
1.605 
1.60656 
1.60812 
1.609658 
1.61124 
1.6128 
1.61436 
1.61592 
1.61748 
1.619014 
1.6206 
1.62216 
1.62372 
1.62528 
1.626584 
L.62n4 
1.629296 
1.63152 
1.63309 
1.634165 
1.634623 
L.6378 
1.63937 
1.614094 
1.614251 
1.641408 
1.614565 
1.641722 
1.618979 
1.65036 
1.65193 
1.6535 
1,65507 
1.656665 
1.653823 
1,65931 
1.66139 
1.66297 
1.661455 
1.66613 


166771 


1.66929 


ts ee ee eg D : 


à 
° L] 2] L] e. e . - e. . . . 





H'yht. 


616 
617 
013 
619 







1.765138 
1.759 















Length. 


name || mmemmm…— | mm. | me 


1.76062 
1.756224 
1.76386 
1.76518 
1.7671 

1.764872 
1.717034 
1.771197 
1.717359 
1.77521 
1.717684 
1.717847 
1.78009 
1.78172 
1.783335 
1.784198 
1.7866 

1.78823 
1.718986 
1.719149 
1.79312 
1.79475 
1.179638 
1.79801 
1.79964 
1.80127 
1.8029 

1.804541 
1.80617 
1.8078 

1.809143 
1.81107 
1.581271 
1.381435 
1.81599 
1.81763 
1.81928 
1.582091 
1.82255 
1.82419 
1.82583 
1.82747 
1.82911 
1.83075 
1.8324 

1.83404 
1.83568 
1.837433 
1.83#97 
1.814061 
L.84226 
1.654391 
1.814556 
1.8472 

1.814885 
1.8505 


H'ght. 


L 4 


LENGYHS OF SEMI-ELLIPTIC ARCS. 


TABLE.—{ Continued.) 


Length. | H'ght. 
1.856215 || .732 
1.85379 || .733 
1.85544 || .734 
1.85709 || .735 
1.85874 || .736 
186039 || .727 
186205 || 738 
1.8637 1.739 
1.86535 | 74 
1.867 ||.741 
1.86866 || .742 
187031 || .743 
1.87196 || .744 
1.87362 || .745 
1.875827 | .746 
1.87693 || .747 
1.817859 || .748 
1.88024 || .749 
1.8819 | 75 
1.88356 |! .751 
L_88522 162 
1.88688 || .753 
1 .8RK54 54 
1.8902 || .756 
1.89186 156 
1.89352 || .757 
1.89519 || .758 
1.89685 || .759 
1.89851 || .76 
1.90017 || .761 
1.90184 | .762 
1.9035 || .763 
1.90517 || .764 
1.90684 || .765 
1 90852 || .766 
1.91019 || .767 
1.11187 |! .768 
1.91355 || .769 
1.91523 |! .77 
1.91691 ||.771 
1.91859 || .772 
1.92027 || .773 
1.92195 || .774 
1.923603 1: .7785 
1.92531 [776 
1.927 777 
1.902868 ! .778 
1.93036 |! .779 
1.923204 |! .78 
1.93373 | .781 
1.93541 | .782 
1.9371 | .783 
1.93878 |.784 
1.914046 |! .785 
1.94215 | 786 
1.94383 |! .787 


Length. 


1.94552 
1.914721 
1.9159 

1.95059 
1.95228 
1.95397 
1.95566 
1.95735 
1.95994 
1.96074 
1.96244 
1.961414 
1.956583 
1.96753 
1.96923 
1.297093 
1.97262 
1.97432 
1.97602 
1.97772 
1.97943 
1.98113 
1.982843 
1.98453 
1.98623 
1.985794 
1.98964 
1.991234 
1.99305 
1.99476 
1.996547 
1.998518 
1.99989 
2.0016 

2.00331 
2.00502 
2.006734 
2.008414 
2.019016 
2.01187 
2.01359 


2.01531 


2.01702 
2.01874 
2.02045 
2.02217 
2.02389 
2.02561 
2.02733 
2.02907 
2.0308 

2.03252 
2.03425 
2.03598 
2.03771 
2.039144 








H'ght. 


.788 





Length. 


2.056679 
2.05853 
2.06027 
2.06202 
2.006377 
2.065652 
2.06727 
2.06901 
2.017076 
2.07251 
2.07427 
2.07602 
2.077177 
2.07953 
2.08128 
2.083041 
2.0548 

2.08656 
2.088432 
2.09008 
2.09198 
2.0936 

2.09536 
2.09712 
2.09888 
2.10065 
2.10242 
2.10119 
2.10596 


2.10773 | 


2.1095 

2.11127 
2.11304 
2.11481 
2.11659 
2.11837 
2.120159 
2.12193 
2.12371 
2.126519 
2.12727 
2.12905 
2.130583 
2.13261 
2.13439 
2.13618 
2.131797 


——_— 








844 


-846 


| 


i- 


845 


847 


| H'ght. 


848 
.849 
85 


851 
852 
853 
854 


36 


Length. 





2.13976 
2.141556 
2.149334 
2.14613 
2.14692 
2.14871 


2.1505 


2.15229 
2.156409 
2.15689 
2.1577 
2.1595 
2.1613 
2.16309 
2.16489 
2.166568 
2.16848 
2.17028 
2.17209 
2.172389 
2.1757 
2.177651 
2.17932 
2.18113 
2.18294 
2.184756 
2.186566 
2.18837 
2.19018 
2.192 
2.19382 
2.19564 
2.19746 
2.19928 
2.2011 
2.20292 
2.20474 
2.20656 
2.208239 
2.21022 
2.21205 
2.21388 
2.21571 
2.21754 
2.21937 
2.2212 
2.222303 
2.22486 
2.2267 
2.22854 
2.23038 
2.23222 
2.23406 
2.2359 
2.237174 
2.23958 





| 
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LENGTHS OF SEMI-ELLIPTIC ARCS, 


TABLE.-—{Continued.) 





H'ght.| Length. || H'ght.| Length. ||Hyht.| Length. IH'gt. Length. ||H'ght.| Length. 
4 2.214142 |} .921 | 2.27987 ||.942 | 2.31852 || .963 | 2.3581 .984 | 2.39823 
.901 | 2.243265 || .922 | 2.2817 943 | 2.32038 1! .964 | 2.36 .985 | 2.40016 
902 | 2.245608 || .923 | 2.28354 || .944 | 2.32224 || .965 | 2.36191 |! .986 | 2.40208 
903 | 2.24691 || .924 | 2.28537 || .945 | 2.32411 || .966 | 2.36381 || .987 | 2.404 
.904 | 2.24874 || .925 | 2.2872 946 | 2.32598 | .967 ! 2.364571 || .988 | 2.40592 
906 | 2.256057 || .926 | 2.28903 || .947 | 2.327865 || .968 | 2.236762 || .989 | 2.407841 
906 | 2.2524 927 | 2.29086 || .948 | 2.32972 || .969 | 2.369352 || .99 | 2.40976 
907 | 2.265423 || .928 | 2.2927 949 | 2.3316 97 | 2.317143 || .991 | 2.41169 
«908 } 2.25606 || .929 | 2.291453 ||.95 | 2.933348 || .971 | 7.37334 || .992 | 2.41362 
«909 | 2.25789 || .93 | 2.29636 || .951 | 2.33537 || .972 | 2.437525 | .993 | 2.41556 
SL 2.25972 || .931 | 2.2982 «9562 | 2.323726 || .973 | 2.377:6 || .994 | 2.41749 
911 | 2.26155 || .932 1 2.30004 |! .953 | 2.339156 || .974 | 2.37908 || .995 | 2.419413 
912 | 2.26338 || .933 | 2.30188 || .954 | 2.314104 || .975 | 2.381 996 | 2.42136 
913 | 2.26521 || .934 | 2.30373 || .955 | 2.31293 || .976 | 2.38291 |! .997 | 2.422329 
914 | 2.26704 || .935 | 2.30557 || .956 | 2.34483 || .977 | 2.381482 || .998 | 2.42522 
«915 | 2.26888 || .936 | 2.30741 || .967 | 2.34673 || .978 | 2.38673 || .999 | 2.427153 
916 | 2.27071 || .937 | 2.30926 || .958 | 2.34862 |! .979 | 2.38864 || 1. 2.42908 
.917 | 2.272564 || .938 | 2.31111 || .959 | 2.35051 ||.98 |'2.39055 
918 | 2.27437 || .939 | 2.31295 |! .96 | 2.3524] || .981 | 2.39247 
-919 | 2.2762 94 | 2.31479 || .961 | 2.35431 || .982 | 2.391439 
.92 | 2.27803 || .941 | 2.31666 || .962 | 2.35621 || .983 | 2.39631 


To Ascertain tho Length of a Semi-Elliptie Are (right Semi-Ellipse) 
by the preceding Table. 


Ruze.—Divide the height by the base, find the quotient in the column of heights, ani take the 





length of that height from the next righthand column. Multiply the length thus obtuined by the 
base of the arc, and tho product will be the length of the arc. 
ExayeLzs.— What is the length of the arc of a semi-ellipse, the base being 70 feet, and the 
height 30.10 feet. 
30.10-70—=.43 ; and .43 per table, =1,46268. 


Then 1.460268 X 70 —102.3876 feet. 


When the Curve is not that of a Right Semi-Ellipse, the Height being half 
of the Transverse Diameter. 


Ruvs.—Divide balf the base by twice the height, then proceed as in the preceding example ; 
wultiply the tabalar length by twice the height, and the prouuot will be the length required 

ExamPLe.—What is the length of the arc of a semi-eilipse, the height being 35 feet, and the 
base 60 feet? 

60-+-2= 30, and 30-+-35 X 2.428, the tabular length of which is 1.456966. 


Then 1.45966 X 85 x 2—102.1762 feet. | 
Norz.—Ifin the division of a height by the base there is a remainder, proceed in the manner 
given for the Lengths of Ciroular Arcs, page 32. 





TABLE VIIX. 
TABLE OF THE AREAS OF THE SEGMENTS OF A CIRCLE. 
The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts. 













| Versed Versed' Versed Versed |Versed 
Sine. Seg Area.|| G: Seg. Aren.|| g;n,. [Seg- Ares.|| sin. |Seg Area. sine. Seg Area. 
































001 | .00004 || .048 | .01382 || .095 | .0379 142 | .06822 || .189 | -10312 
002 | 00012 || .049 | .01425 || .096 | .03349 || .143 | -06892 || .19 1039 
.003 | .00022 || .05 01468 || .097 | .03908 || .144 | -06962 ||.191 .10468 
004 | .00034 |! .051 | .01512 || .098 | .03968 || .145 | -07033 || .192 10547 
005 | .00047 |! .052 | .01556 || .099 | .04027 || .146 | -07i03 || .193 .10626 
.006 | -00062 || .053 | .01601 ||.1 04087 |l.147 | .07174 || .194 | .10705 
007 | .00078 || .054 | .01646 || .101 | .04148 || .148 | -07246 || .195 .10784 
008 | .00095 || .055 | .01691 || .102 | .04208 || .149 | -07316 || .196 .10864 
009 | .00113 | .056 | .01737 ||.103 | -04269 || .15 07387 ||.197 | 10943 
.01 00133 || .057 | .01783 ||.104 | .0431 151 | 07459 || .198 | .11023 
ol | 00153 | .058 | 0183 |.105 | .04391 || .162 | .07531 || .199 | .11102 
012 | .00175 || .059 | .01877 || .106 | .04452 || .153 | -07603 |! .2 11182 
013 | .00197 ||.06 | 01924 || .107 | .04514 || .154 | .07676 || .201 | .11262 
.014 | .0022 061 | .01972 ||.108 | .04575 || .155 | .07747 ||.202 | .11343 
015 | .00244 |! .062 | .0202 ||.109 | .04638 || .156 | .0782 203 | .11423 
.016 | .00268 || .n63 | .02068 ||.11 047 157 | .07892 ||.204 | .11603 
co17 | 00294 | 064 | 02117 || .111 | .04763 || .158 | .07965 || .205 | .11584 
.018 | .0032 065 | .02165 ||.112 | .04826 || .169 | .08038 || .206 | .11666 
019 | .00347 |! .066 | .02215 |! .113 | .04889 || .16 08111 ||.207 | .11746 
.02 00375 || .067 | .02265 || .114 | .04953 || .161 | .08186 ||.208 | .11827 
021 | .00103 || .068 | .02315 || .115 | .05016 ||.162 | .08258 || .209 .11908 
.022 | .00432 || .069 | .02336 || .116 | .0508 163 | .08332 |! .21 1199 
.023 | .00462 || .07 02417 ||.117 | .05145 || .164 | .08406 || .211 | .12071 
024 | .00492 || .071 | .02468 || .118 | .05209 || .165 | .0848 212 | .12153 
025 | .00523 ||.072 | .02519 || .119 | .05274 ||.166 | .08564 || .213 | .12236 
.026 | .00555 || .073 | .02571 ||.12 05338 ||.167 | .08629 || .214 | .12317 
“027 | .00587 || .074 | .02624 ||.121 | .05404 || .168 | .08704 || .215 | .12399 
028 | .00619 |! .076 | .02676 || .122 | .05469 || .169 | .08779 || .216 | .12481 
.029 | .00653 || .076 | .02729 |1.123 | .05534 || .17 08853 ||.217 | .12563 
.03 .00686 || .077 | .02782 || .124 | .056 171 | .08929 ||.218 | .12646 
031 | 00721 || .078 | .02835 || .125 | .05666 || .172 | .09004 || .219 | .12728 
032 | .00756 || .079 | .02889 ||.126 | .05733 ||.173 | .0908 || .22 12811 
033 | .00791 || .08 02943 ||.127 | .05799 || .174 | .09166 || .221 | .1289%4 
034 | .00827 || .081 | .02997 ||.128 | .05866 ||.175 | .09231 || .222 .12977 
035 | .00864 || .0#2 | .03052 || .129 | .05933 || .176 | .09307 || .223 | .1306 
.036 | .00901 || .083 | .03107 || .13 .06 177 | .09384 || .224 | .13144 
| -037 | .00938 || .084 03162 ||.131 | .06067 || .178 | .0946 225 | .13227 
“038 | .00976 || .085 | .03218 |[.132 | .06135 ||.179 | .09537 || .226 | .13311 
039 | .01015 || .0H6 | .03274 || .133 | .06203 ||.18, 09613 |[.227 | .13394 
1 O4 01054 || .087 | .0333 134 | .06271 ||.181 | .0969 ||.228 | .13478 
j .041 | .01093 || .088 | .03387 || .135 | .06339 || .182 | .09767 || .229 .13562 
| 042 | .01133 || .0H9 | .03444 || .136 | .06407 ||.183 | .09845 || .23 .13646 
} .043 | .01173 || .09 03501 || .137 | .06476 ||.184 | .09922 || .231 | .13731 
044 | .01214 || .091 | .03558 || .138 | .06545 ||.185 | .1 232 | .13816 
045 | 01266 || .092 | .03616 || .139 | .06614 || .186 | .10077 || .233 | .139 
.046 } .01297 || .093 | .03674 || .14 06683 ||.187 | .10155 || .234 | .13984 
047 | .01339 11.094 | .03732 || .L41 06753 11.188 | .10233 [1.235 | .14069 
id Re RE EN 


Po qq 
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IMENTS OF A'CIROLE. 














-{ Continued.) 

— 

Gus a nu, are 
-28818 || .448 34079 
-28945 ||.449 34179 
-29043 || .45 -34278 
-29141 || .451 -34378 
-29239 || .452 -34477 
-29337 -34557 









































AREAS OF THE ZONES OF A CIRCLE. 39 


To Ascertain the Area of a Segment of a Circle by the preceding Table. 


Roze.—Divide the height or versed sîne by the diameter of the circle ; find the quotient in the 
column of versed sines. Tako the area noted in the next column, multiply it by the square of the 
diaineter, ani it will give the aren. 

50 Pts \MPLe.— Required the area of a segment, its height being 10, and the diameter of the circle 
eet. 

10-250 —.2, and .2, per table, —=.11182 ; then .11182 X 502=—279.55 feet. 

Norre.—1f, in the division of a height by the base, the quotient has remainder after the third 

Lace of de’imals, and great aor-uracy is required, 

Take the area for the first three figures, sabtract it from the next following area, multiply the 

temaioder by the said fraction, and add the product to the first area ; tho sum will be the area for 


the whole quotient. | 
2. What is the area of a segment of a circle, the diameter of which is 10 feet, and the height of 


it 1.575 feet ? 
1.575-=10—.1575 ; the tabular area for .157—.07892, and for .158==.07965, the difference between 


which is .00073. 
Then .5 X .00073—.000365. Ù 
Hence .157 —=.07892 
.00065—=.000365 


079275, Che sum by which the square of the dia- 
meter of the cirole ïs to be multiplied ; and .079285 X 102—7.9286 fees. 





TABLE IX. 
TABLE OF THE AREAS OF THE ZONES OF A CIRCLE. 
The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts. 




















014 | .014 042 | .04195 || .07 | .06977 || .098 | .09737 ||.126 | .12469 
-015 | .015 .043 | .04295 || .071 | .07076 || .099 | .09835 ||.127 | .12562 


| H’ght. | Area. H’ght.| Area. H’ght.| Area H'ght.| Area. |Ught.| Area. 

001 | .001 .029 | .02898 057 | .05688 -085 | .08459 |1.113 | .11203 
.002 | .002 .03 02998 058 | .05787 086 | .08557 ||.114 | .113 
.003 | .003 031 | .03093 059 | .05836 087 | .08656 |1.115 | .11398 
.004 | .004 .032 | .03198 .06 05986 .088 | .08754 11.116 | .11495 
.005 | .005 033 | .03298 061 | .06085 089 | .08853 |[.117 | .11592 
.006 | .006 .034 | .03397 062 | .06184 || .09 08951 |[.118 | .1169 
007 | .007 035 | .03497 «063 | .06283 091 | .0905 119 | .11787 
.008 | .008 036 | .03597 064 | .06382 092 | .09148 11.12 11884 
.009 | .009 037 | .03697 065 | .06482 093 | .09246 ||.121 | .11981 
01 01 .038 | .03796 066 | .0658 .094 | .09344 11.122 1 ,12078 
011 | .011 .039 | .03896 -067 | .0668 095 | .09443 11.123 | .12175 
012 | .012 .04 .03996 068 | .0678 .096 | .0954 124 | .12272 
.013 | .013 041 | .04095 069 | .06878 097 | .09639 11.125 | .12369 
016 | .016 044 | .01394 072 | .07175 1 09933 || .128 | .12659 
017 | .017 .045 | .04494 073 | .07274 || .101 | .10031 ||.129 | .12755 
019 | .019 .047 | .01693 075 | .07472 103 | .10227 ||.131 | .12949 
.02 .02 .048 | .04793 076 | .0756 .104 | .10325 1.132 | .13045 
021 | .021 | .049 | .014892 077 | .07669 105 | .10422 ||.133 | .13141 
.022 | .022 .05 .04992 078 | ,07768 .106 | .1052 .134 | .13238 


| 018 | .018 016 | .04593 |! .074 | .073:3 || .102 | .10129 ||.13 | 12852 
.023 | .023 051 | .05091 || .079 | .07867 || .107 | .10618 ||.136 | .13334 
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ABFAS OF THE ZONES OF A CIROLR. 


TABLE.—(Continued.) 














1Pgbt. 


H'gbt.| Ares. || il'gnt. 




















-28106 
3 .28486 
29915 || .306 | .28566 

.251 | .24002 || .307 | .28644 





25 2: 
































.252 | .24049 Il .308 1 .28723 











ABEAS OF THE ZONES OF A CIROLE. 41 


TABLE.-—/{Continued.) 


me À ammmemmmmmmmenmemes À À œmmmmmemmmes  emmmmnmemmmcmmmmmmœses | mm mms | Ù cm | “mme | cm | cup 


| B'abt. Area. [| H’ght.| Area. H'ght.| Ares. || H’ght.| Area. pue Area. 


421 | 3638 || .437 | .37202 || 453 | .37931 || .469 | .38549 || .485 | .39026 | 
422 | .36434 || .438 | .3725 454 | .31973 || .47 | .38583 || .486 | .3905 
423 | lacaes || 439 | 37208 || ‘456 | 28014 || 471 | 28617 | 487 | (29073 | 
424 | 36541 || .44 |.37346 || .456 | .36056 || .472 | .3865 | .488 | .39095 
425 | 36594 || .441 | .37393 || .457 | .38096 || .473 | .38683 || .489 | .39117 
426 | .36646 || .442 | .3744 || .458 | .38137 || .474 | .38715 
427 | 36698 || .443 | .37487 || .459 | .38177 || .475 |..38747 
428 | .3675 444 | .37533 || 46 |.38216 || .476 | .38778 
429 | .36802 || .445 | .37579 || .461 | .38255 || .477 | .3k808 : 

43 | .36853 || .446 | .37624 || .462/| .38294 || .478 | .34538 | .494 | .39208 
431 | .36904 || .447 | .37669 || .463 | .38332 || .479 | .32867 || .495 | .39223 
432 | .36951 || .448 | .37714 || .464 | .3K369 || .48 | .3595 || .496 | .39236 
433 | .37005 || .449 | .37758 || .465 | .38106 || .481 | .35923 || .497 | .39248 
434 | .37054 || .45 | .37802 || .466 | .38443 || .482 | .3895 || .498 | .39258 
435 | 37104 || .451 | .37845 || .467 | .3x479 || .483 | .38976 || .499 | .39266 
436 | 37153 |} .452 | .37888 || .468 | .38514 || .484 | .39001 || .5 | .3927 





This Table is computed only for Zones, the longest chord of which is diameter. 
To Ascertain the Area of a Zone by the preceding Table. 


Rcte L— When the Zoneis Less than a Semicircle, Divide the height by the diameter, and find 
tbe gooñent in tbe column of height. Take out the area opposite to it in the next column on the right 
, «nd multiplÿ it by tho quare of the longest chord ; the product will be the area of the sone. 

Exawpzs.—kRequired the nrea of a sone the diameter of which is 50, and its height 15. 
15-450 —.3; and .3, as per table, —.28088. 
Hence .28088 X 502 —702.2 urea. 
Ruzs 2. When the Zone vu Greater than a Semicircle : Take the height on each side of tho dia- 


meter of the circle, and ascertain, by Rule 1, their respective areas ; add the areas of these two por- 
tions together, and the sum will be the area of the sone. 


BxaxPe.— Required the area of a sone, th1 diameter of the cirole being 50, and the hoights of 
the sone on each side of the diameter of the circle 20 and 15 re:pectively. 
20 + 50—=.4 ; .4, as per table, —.35182 ; and .35182 x 607 —879.55. 
15 50—.3 ; .3, as per table —-28088 ; and .28088 x 503—=702.2. 
Hence 879.55 + 702.2 — 1581.75 area. 


Roze 3.— When the longest chord of the zone is less than diameter, Tako the height or distance 
from the diam. to each of the ohords respectively ; find the area corresponding to each height and 
deduct the lesser from the greater area; tho result will be the area required. 


Nors.—W ben, in the division of a height by the chord, the quotient has a remninder after the 
bird place of decimais, and great accuracy is required, 

Take the area for the frst three figures, subtraot it from the next following area, multiply the 
remainder by the said fraction, and add the product to the first area; the sum will be the area for 
the whole quotient. 

Exawrze.— What is the area of a sone of a cirole, the greater chord being 100 feet, and the 
breadth of it 14 feet 3 inches ? 

14 feet 3 inches — 11.25 and 14.25-+100—.1425 ; the tabular area for .142—=.14007, and for .143 
= .14103, the difference between which is .0006. 
Then .5 x .00098 —.00048. 
Hence .142 —-.14007 
.0005—=.00048 
.114055, the sum by which the square of the greater chord is to be multiplied ; and 
14055 X 1007 =—1406.5 féet. 


TABLE X. 


SPECIFIC GRAVITILS. 


The Specitic Gravity of a body is the proportion it bears to the weight 
of another body of known density. 

If a body float on a fluid, the part immersed is tothe whole body as 
the specific gravity of the body is to the specific gravity of the fluid. 


When a body is immersed in à fluid, it loses such a portion of its own 
weight as is equal to that of the fluid it displaces. 

An immersed body, ascending or descending in a finid, has a force 
equal to the difference between its own weight and the weight of its bulk of 
the fluid, less the resistance of the fluid to its passage. 

Water is well adapted forthe standard of gravity ; and as a cubic foot of 
it weights 1000 ounces avoirdupois, its weight istaken asthe unit, viz : 1000. 


To Ascertain the Specific Gravity of a Body heavier 
than Water. 


Rocr.—Weigh it both in and out of water, and note the dtfference ; 


then, as the weight lost in water is to tne whole weight, s0 is 1000 to the 
W x 1000 


specific gravity of the body. Or, 5; = G, w representing the 
weight in water, and G the specific gravity. 


ExamPLe.— What is the specific gruvity of x stone which weighs in air 15 Ibs., in 
water 10 lbs, Ÿ 
15—10=x 5 ; then 5 : 15 : : 1000 : : 3000 spec. grav. 


To Ascertain the Specific Gravity of a Body lighter 

than Water. 

RcLke.—Annex to the lighter body another that is heavier than water, 
or the fluid used ; weigh the piece added and the compound mass separa- 
rately, both in and out of the water, or the fluid ; ascertain how much each 
loses in water, or the fluid, by subtracting its weight in water, or the fluid» 
from its weight in air, and subtract the less of these differences from the 
greater ; then, | « , 

As the last remainder is to the weight of the light body iu air, 80 is 1000 
to the specific gravity of the body. 


ExaMPLE.—What is the specific gravity af a piece of wood that weighs 20 Îbs. 
in air; annexed to it is n piece 6f metnl that weighs 24 lbs. in nir aud 21 1bs. iu water, 
and the two pieces in water weight 8 Ibs. 

20H 24—8—114—8— 361088 of compound mass in water ; 
24— = 3—(loss of heavy body in water. 
33 : 20 : : 1000 : 60624 spec. grav. 


To Ascoertain the Specific Gravity of Fluid. 


Rvorr,—Take a body of known specific gravity, weigh it in and out of 
the fluid ; then, as the weight of the body is to the loss of weight, 50 is the 
epeoifio gravity of the body to that of the fluid, 
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ExamPLe— What ïs the specific gravity of à fluid in whieh À pioce of copper 
(spec. grav.=—9000) weigha 70 Tba. in, and 80 Ibr, ont of it 
80 :80—70=—10 : : 9000 : 1125 apec. gras. 


To Compute the Proportions of two Ingredients in a Com- 
*  pound, or to discover Adulteration in Motals. 


Rcre.—Take the differences of each specific gravity of the ingredients 
and the specific gravity of the cémpound, then multiply the gravity of the 
one by the difference of the other ; and, as the sum of the products is to the 
respective products, 80 is the specific gravity of the body to the proportions 
of the ingredients. ‘ 


EXAMPLE.—A compound of gold (æpec. grav.—18.888) and silver (spec. grav.— 
10.535) ins « specilic gravity of 14; whuc is the proportion of each metal ? 
18.888 — 144.888 X 10.535=—51.495 


14.—10.535—3.465 X 18.888—65.447 
65.447+-51.495 : 65.447 : : 14 : 7.835 gold, 
65.447+4-51.495 : 51.495 : : 14 : 6.165 silver. 


Tocompute the Woights of the Ingredients, that of the 
compound being given. 


Roze.—As the specific gravity of the compound'is to the weight ofthe 
compound, 80 are each of the proportions to the weight of its material. 
ExaAmpLs.—"The weight, as above, beiug 28 Iba., what ure the weights of thein- 


gredients À 


57.835 : 15.67 gold. 
M: 28: +} 6168 : 12.33 Suoër. 


Proof of Spirituous Liquors. 


A cubic inch of proof spirits weighs 234 grains ; then, if an immersed 
cubic inch of any heavy body weighs 234 grains less in spiritsethan air, it 
shows that the spirit in which it was weighed is proof. 

If it lose less of its weight, the spirit is above proof ; and if it lose more, 
it is below proof. 


ILLUSTRATION.—A cubic inch of glass weighing 700 grains weighs 500 grains 
when weighed in a certain spirit ; what iathe proof of it Ÿ 


700—500=%00=mprains-tweight lost in the spiret. 
A'hen 200 : 24 : : 1. : L.17=eratio of proof of spirits compared Lo proof spirits, or 1. 
==, 17 above proof. 
Solids. 
Rrze.—Divide the specific gravity of the subatance by 16, and the 
quotient will give the weight of a cabic foot of it in pounds. 


OF DIFFERENT 








Speci 
METALS. de gra 
vity. 

Alluminum........... 2560 
Antinony. .......... 6712 
Arsenic............-. 5763 
Barium. ............ 470 
Bismutb.......... .. | 9823 
Brass, copper 84 9: 
are Lei 16 ----| 8832 

6 copper 67 
“ giue g34-.-| 1820 
‘6 plate... ...... 8380 
66 wire. ...... ... #214 
Bronze, gun metal....| 8700 
Boron............... 2000 
Bromine............. 3000 
Cadmium............ 8650 
Calcium... cc... 1530 
Chromium........... 5900 
Cinnabar........ .....| 809% 
Cobalt...............| 8600 
Columbhium......... 6000 
Gold, pure, cast...... 19258 
‘6 haimmered....., 19361 


66 22 carats fine. ..117146 
66 20 carats fine... .115709 


Copper, cast. ........ 8788 
+6 plates... ss... 869% 

(6 wire... ...... 8#80 
Iridium... es 18680 
6 hammered..... 23000 
Iron, cast............ 7207 
66 66 gun metal...| 7308 

66 hot blast.. ..... 7065 

‘6 cold ‘“ ...... 7218 

‘6 wrought bars. ...| 7788 

56 “6 wire....| 7774 

‘6 rolled plates... ..| 7704 
Lead, cast. ......... 11352 
‘ rolled......... 11388 
Lithium. .............1 590 
Munganese.... ..... 8000 
Maygnesium .......... 1750 
Mercury— 40° ......, 15632 
6 +329 . ..... 13598 

LL 609........113580 

sé 212°........ 13370 
Molybdenum.......... 8600 
Nickel... ce sun. 8800 
cast....... .... 8279 


Osmium. nsc 10000 


SPECIFIC GRAVITIES. 


BODIES AND SUBSTANCES, 





|Weignt | Speci- | Weight 

















of acu- METALS. fie gra- of a cu- 
bic inch. vity. | bic inch. 
.-09261Palladium ...........l 1350, 4105 
2428] Platinum, hammered..'20337, .7356 
. 2084 DL native .... 116000. .57N7 
017 rolled...... 22069! 7x2 
-305#Potassium, 59°....... | 865, .0313 
319 Red-leud ............ 1 8940! .3241 
** Rhodium.... ....... ‘110650! 33352 
2828 Rrthenium ss. 8600! .311: 
eleninm ............ 4500! .1627 

-3031iliciunm...... Less. 

.2972 Silver, pure, cast ....|10474: .3:83 
3147 s hammered. 1051 1! .3902 
.0723Sodium .... ... eo... 9701 .0351 
.10R5!Steel, plates... ....... 1806! ,2823 
3129 % soft _. ........ 78331 92533 


‘5 tempered and 

hardened . ..! 7818, .2828 
. (6 wire. ......... 1847| .283h 
.3111fStrontinm. ... .... | 2540| 0918 














217 Tin, Cornisb, hammerd! 7390) 2673 
.6965 “6 pure 7291! .2637 
.70,4ÎTellurium , ........ 6:10! .22t 
.6325ET balium ............ 11850! 4208 
5682 l'itanimm .... ...... 5300! 1917 
.3179Tungsten............ 17000 6149 
.3146{Urauium .. ..... 110150! 3671 
.321AAWolfram............. 7119) .2575 
.6756[Zine, cast ........... 6N61! .2482 
8319 ‘ roiled........ ..| 7191! 26 
2607 Cat 
ubi 
264 | WOODS (Dry) Jabio 
2611 Aïder...... ........ 80050 
281 fApple... ............ 719349.562 
.2811 Ash 845152.812 
27874" "7 ES 60043.125 
.4106[Bamboo ............. 400!25 
4119Bay................. 822 51.375 
.021: Beech …….. en... 852153 25 
.2894 .…. > ou. 69043. 125 
.0633 Birch” ins. os. . 35.437 
-5661{Box, Bruzilian........ 1031164.437 
.49188 ‘ Dutch......... 912157. 
4912 ‘6 French.......... 1324183. 
.4836]Bullet-wood......... 928158. 
.3111 Butternut............ 376123.5 
MCampeachy .......... 913157.062 
-2994ÏCedar....… _....... 561135.062 
3h ‘ Indian sennnsse. 1315182.157 








U 
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WOODS, (Dry.) Speci- | Weight 


flo Rra- of a ou 


WOOES, (Dry), Speci- | Waight 


flo gra-| of a ou- 























(Continued.) vity. | bio foot. (Continued.) vity. [ble foot, 
Gharcoal, pine .......| 441/27.56210ak, Dantzic........ 759147.437 
fresh burned| 4380123 75 LÀ ‘ English......... 932,58.26 
‘é oak........ 1573198.3124 ‘ green.........., 1446]71.626 
‘6 soft wood...| 280]17.5 ‘6 heart, 60 years...| 1170173.128 
‘6 triturated ...| 1380/R6.25 £ ‘ live, green... .... 1260178.76 
Cherry......…. _...... 115|14.6878 ‘ 4 seusoned....| 1068166.76 
Chesnut, sweet... .....| 610138 125 ‘* white ........., 860153.75 
Citron .............. 726145.375Orange............., 705,44.062 
Cocoa............... 1040165.  HPear .......... REP 66141 312 
Cork ................| 240115. Persimmon ..........| 710|44.375 
Cypress, Spanish cu... 644140.25 JPlum  ........... 785149.062 
Dog-wooil............ 756|17.25 Pine, pitch........... 66041 .25 
Ebony, American. .... 13311#3.187% “ red............ 590136.876 
+ Indian ........ 1209/75.662 ‘ white.......... 554134.625 
Elder ........... ..| 695113 437 ( yellow. ........| 461128.812 
Elmn 570 35 625 Pomegranate _tsss.e . 1354 84.625 
Trenet 671141.937IPoon...... ......... 580/36.26 
Filbert .............. 6001/37.6 HPoplar............... 383/23.937 
Fir (Norway Space). ..| 512132. ‘6 white... ..... 529133.062 
Gam, blue........... 843/52.687IQuince ............. 705144.062 
66 water.......... 1000,62.6 JRose-wood . . .….. s..n.s| 728/46.5 
Hackmatack......... 592137 Sassafras ....,....... 482130 .126 
Hazel ............... 860153.75 ISatin-wood...... ....| 885/55.312 
Hawthorn ............ 910,56.875]Spruce......…........| 600/31.25 
Hemlock ............ 368123. Sycamore ...… .... | 623138.937 
Hickory, pig-nut. LT 19249.5 [Tamarack.......…. 383123.937 
«6 shell-bark...| 690143.125 657141.062 
Holly... 760147.5 freak (African oak).. { 745146. 662 
Jasmine ............. 77048 125£Walnut ..... sus. 671/41.937 
Juniper... ceos..l 666135 3708 ‘ black.......... 600/31.25 
Lance-wood .....!!... 72045. Willow 486130.376 
Larch 644134 trees 585136.662 
noter: 660135 ew, Dutch .........| 788/49.26 
Lemon .............. 703143 937 ‘ Spanish.........} 807150.437 
Liguum-vitæ......... 1333183.312 
ime. ..... Lessrsssse 804150 .25 EL (Well Seasoned.”) 
Linden.............. 604137 .76 | 
Locust............... 128145.6 HAsh........ css. 722145.126 
Logwood. ........... 913157.062Beech......... co....| 624139. 
Mah 720145 berry sus. sous. 606137.875 
OBANY ee. 1063166.437Cypress............, 441/27.562 
«c Honduras...| 660136. Hickory, red....-.... 838152.376 
“6 Spanish....1 852/53.25 EMuhogany, St Domg..| 720146. 
Maple .... ...….......] 75046.875}Pine, white. ......... 413[29.662 
‘6 bird’s eye....... 576,36. ‘6 yellow..........} 6141133.812 
Maatic............... 849153 062IPoplar............... 687,36.687 
AMulbe 561,35.06 White Oak, upland, ..| 687142.937 
MODEETP re eereesee 897156.0624 ‘! James River] 769/42 437 
Oak, African......... 823151.437 
4 Canadian........ 872154.6 





#* Orduunce mauual 1841. 
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Stones, Earths, 





Specil Weigh 
&ec. ficgralof a ou Gublo Stones, Earths, &c. dora of a Cubie 
ity. . 





Speai| Weight 


Fout. 











Agate............... |2590| — 
Alabaster, white... 12730170 625 
.126991108.687 


“6 yellow... 


Alum.........c.ss. 17141107.125 
Amber ............ 1078| 67.375 
Ambergris ........... 866 — 
Asbestos, starry .... [30731192 062 
905 | 56.562 
Asphaltum ....... 16501103 125 
000250. 
. Barytes, sulphate..…. T 304 062 
27401171.25 
Basalts ..S.…. 0%. se 2864 179. 
Borax............... 17141107.125 

. 19001118.75 
Brick. .......….... 31367) 85.437 

‘6 fire. ........... 22011137.662 

6 work in cement..|18001112.50 

16001100. 

6 # Æmortar) 6090/1125. 
Carbon .............. 35001218 75 
Cement, Portland....11300| 81 25 

“ Roman...... 1560! 97.25 
1520!) 95. 
Chalk ss st... 2784 174. 
Chrysolite. ........... 2782) — 
Clay ............. 19301120 .625 

‘6 Tith gravel ....….. 24801155. 
Coal, Antracite 1450 Fi 

(€ Borneo.,....... 1290! 80.625 

“ Cannel 1238] 77.375 

tee 13181 82 375 

6 Caking.........|1277| 79.812 

4 Cherry........ 1276| 79.75 

66 Chili. ......... 1290! 80.625 

‘5 Derbyshire......|1292] 80 75 

4 Lancaster .... [1273] 79.662 

‘6 Maryland....... 1355! 84.6R7 

4 Newcastle .....11270! 79.375 

44 Rive de Gier....11300| 81.25 

T 1259] 78.687 

Scotch ess. 1300 81 25 

66 lint.......... 1302| 81.375 

“4 Wa ales, mean....11315| 82.187 
Coke.......... cs. 1000! 62.6 

‘ Nat’1 Va........ 7146! 46.64 
Concrete, mean. .....12000/126 
Copal............ ...11045| 65.312 
Coral, red........... 2700 — 


cé 


Cornelian 
Diamond, Orientai.... 


té 


Earth, t common soil.|21941137. 


66 
€c 
«6 
CL 
cé 


Brazilian. . 


loose 
moist sand... 


mould, fresh .. 
..11600!100. 


ramimed . - 


rough sand. .. 
.[20201126.25 


with gravel.. 


ess. 


2550] — 
2613] — 
3521| — 
.|3444) — 
125 
1500! 93.75 
[20501128 125 


2050|128. 
19201120. 


Emery  .......... 4000250. 
Flint, black.......... 25821161.375 
‘6 white.......... 2594,162.125 
Fluorine....,........ 1320! 82.5 
Glass, bottie......... 27321170.75 
Crown........ 24871155 .437 
u 29331183. 312 
flint.... ... 32001196 
(6 green......... 26421165 125 
‘6 optical... .....13450/215.625 
66 white......... 28921180.75 
4 window 26421165.125 
Garnet.............. 4189) — 
‘6 black......... 37501 — 


Granite, Egyptian red..|26541165 875 
‘6 Patapsco..../26401165. 


66 Quincy ..... 26521165 75 

“Scotch ...... 26251164.062 

 Suequehanna.|27041169. 
Gravel, common...... 17491109.312 
Grindstone. .-........ 21431133.937 


Gypsum, opaque .....121681135.5 
Hone, white, razor...12876|179.75 


Hornblende ......... 35401221.25 
Jodine....... ....... 4940| — 
Jet ................. 1300| — 
Lime, hydraulic...... 27461171.562 
‘6 quick......... 804| 50.25 
Limestone, green.. ...13180|198.75 
a white ..... 3156|197.25 
Magnesia, carbonate. . .124001150. 
Marble, Adelaide... ... 27151169.687 


‘6 African..... |[2708|1169.25 
6 Biscayan, black,|2695/168.437 
46 Carara ....... 27161169.75 
(6 common ..….....126861167.875 
‘6 Egyptian......126681166.75 
6 French ...... 26491165.562 
66 Italian, white..[27081169.25 


f Spec. grav. of the earth is varlousiy estimated at from 5.450 to 5.600. 
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speci 


Weight 


Stones, Earths, &c.: cere of Cube Stones, Farths, &oc. 
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Speoci| Weight 
ficgralof a Cubic 


vity. 


Fuot. 





Marble Parian....... 28381177.376 Stone, Craigleth..Engl.12316|1144.76 
66 Vermont, white/2650,165.67 Kentish rag ‘‘ |2651/166.687 
Marl, mean ......... 17501109.375) ‘ Kip'a Bay..N.Y.127591172. 
Mica .............. [2R001175. ‘6 Norfolk (Parlia- 
Mortar 1384! 86.5 ment House).|23041144. 
vtr tt 0 11750109. 375 ‘ Portland ..Engl.|2368]148. 
Millstone.............[2484165 25 ‘6  Sandstone, mean|22001137.6 
Mud .............. .|1630/101.8758 ‘5 Sydney|22371139.812 
Nitre .............. 1900/118.75 ‘ Staten Isl’d. N Y.129761186. 
Opal ............... 2114] — ‘6. Sullivan Co. ‘‘ |2688)168. 
Oynter. #hell...... .. 20921130.75 ESchorl .... ........ 3170/198.125 
Paving-stone..... .. 24161151. Spar, calcareous...... 27351170 937 
Peal, Oriental........ 2650| — ‘6 Feld, blue...... 26931168.312 
Peat 600! 37.6 “6 ‘6 green .[27041169. 
Teese: 1329) 83.0628 « 466 Kluor.....13400/215.6 
Phosphorus......... 17701110.625Stalactite............ 24151150 .937 
Plaster of Paris ...... 1176] 73.6 ESulphur, native... .... 20331127.062 
Plumbago. .......... 2100/131.25 ÉTale, mean ......... 25001156 25 
Porphyry, red........ 27651172.812/Tale, black.......... 29001181.25 
Porcelain, China. : :.[2300|L43.75 Tile.. .s.. -..11815/113.437 
Pumice-stone.. ....... 915] 57.187 Topaz, Oriental. ..... AN11| — 
Quartz.............. 26601166.25 ETrup................ 27201170. 
Rotten-stone. . ........ 19811123.812 Turquoise as. VETEET 2750! — 
Red-lead ...... _... 89401558. 75 
Rein. .... DEEE 1089! 65.062  MISCELLANEOUS. 
Rock, crystal.... ....127351170.937 
Ruby ............... 42H3| — | 905! 56.562 
Salt, common Lesseee 2130/133,125)Asphaltum ........ 1660/103.125 
Galtpetre. Les sos 20901130.625E Atmospheric Air......| * | .07529 
Sand, coarse …...... [18001112 5 RBeenwax............. 965| 60.312 
‘4 common. .... [16701104 375EButter..... _........| 942] 58.876 
‘6 dump and loose |[1392| 87. Camphor............ 988] 61.76 
‘6 dried and loose..|1560| 97 5 ECavutchouc.,. ...... 903| 56.437 
 dry...... .... 1420] 88.75 Egg. . s..s...[1090] — 
‘6 mortar, Ft. Rich.11659/103 66 KFar of Beef. ss... 923| 57.687 
‘6 6 Brouklyn|17161107.25 4 Hogs......... 936| 68.5 
‘1 gillicious....... 1701|106.33 66 Mutton ....... 923] 57.687 
Sapphire ............ 3994/ —  JGamboge.. ... .....11222| — 
hale............... 26001162.65 JGum Arabic..... ... 1452! 90.75 
Slate 29001181.25 Gunpowder, loose....| 900! 56.25 
rer ont 26721167. “6 shaken. 1000! 62.6 
Slate, purple......... 2784174. “ lid 1550! 96.876 
Small. ............. 2440/1526 se L800/112.6 
Stone, Bath... .. Engl.|19611122 562} Gutta-percha......... 980! 61.25 
6” Blue Hill .... |[2640|165. OM... ee 16891105.662 
‘6 Bluestone (basalt)|26251164 062ETce. at 32°........... 920! 57.6 
4 Breukneck.. N.Y.127041169. Indigo ......... ... 1009] 63.062 
‘6 Bristol... Engl.[25101156.875ETsinglass. ......... [1111] 69.437 
‘6 Caen, Normandy|2076/129 75 EIvory.......... s....11825/114 062 
6 Common..,.... 2520|157.5 BLard................ 947] 59.187 





(°) 001205. 
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Hz eci eight Speci| Weight 
er MISCELL ANEOUS. fe jee ni Cubie LIQUIDS. fe gra ni Chbie 
PE Fou | vity.| Foot. 
Fu Maatic........ .... [1074 67.125} Aquafortis, double ...11300] 81.25 
, Myrrh ............. 1360! 85 4 single..... 1200! 75. 
‘ Opium..... es...s.-.1336! 83.5 Beer.  ............1103{] 64.625 
He Soap, Castile. ....... 1071| 56.937{Bitumen, liquid. ...... 848) 53. 
FE Spermaceti ..... se... 943] 58.937 Blood (human). . 1051| 65.875 
te Starch.............. 950| 59 375E Brandy, & or 5 of spirit, 924| 57.75 
Ur Sugar. ....... co 16061100.375Cider ............... 1018) 63.625 
: 66 1326| R2 875] Ether, acetic. ........ 866| 54.125 
2 ete Y72| 60.25 6 muriatic..... | 845! 52.812 
Tallow............ 941! 58.812) ‘  sulphuric...... 115| 44.687 
\ w 964] 60.25 IHoney ...... c.......11450| 90 625 
7 BE see sec eee 970] 60.625] Milk........... .... 1032! 64 5 
| Oil, Anise-seed. ..... 986| 61.625 
: LIQUIDS. Codfish ......... 923| 57.657 
, ‘6 Cotton-seed ...... — — 
7: Acid, Acetic......... 1062| 66.378) ‘ Linsced......... 940! 58.75 
. Benzoic........ 667| 41.68%h ‘ Naphta....... ...| 848) 53. 
US 0 Citric.......... 1034! 64 G25E 4 Olive ... .. ....| 915, 47.187 
‘5 Concentrated....|1521| 95.062£ % Palm _...... 969! 60.362 
‘6 Fluoric ........ 500! 93 75 EL ‘‘ Petroleum..….... | 878] 54.875 
6 Muriatic. ..... 1200! 75. ‘‘ Rape .. .......| 914] 57 125 
 - 6 Nitric .. …....11217| 76.0G28  Sunflower ...... 926| 57.875 
‘6 Phosphoric. ....[1558| 97.375 ‘ Turpentine ...... 870] 54.375 
‘6 ‘« solid.!2800f175 66 Whule..…........ Y231 37 687 
ra 6 Sulphuric...... 1849/116.662{Spint, rectified....... 824, 51.5 
5 Alcohol, pure, 60°. 794! 49.622Tar.............. .. 10121 63 137 
e- "95 per çent.…. &16| 31. Vinegar.._.. ....... 10801 65.5 
ce -. 66 80 4  ...| 863! 53.937 Water, Dead Sea. 1240! 77.5 
Fe 66 650  ‘  ...| 934] 58.375 600... 999] 62.449 
| (6. 40 6... | 951! 59.437 é 2129 ..1 9571 29.812 
ie 6 25 4... 970! 60.625) “ distilled, 390$ .| YYN] 62 379 
| 6 [O6 ...| 9R6| 61.625 ‘‘ Mediterranean .11029| 64 312 
«6 5 ‘t 992! 62. ‘6 rain...... ... 109! 62.5 
66 roof spirit, *50 r 6 ea... ..... 1026 64.125 
P per cent 60° } 934! 58.875 Wine, Burgundy.... | 492] 62. 
{ proof spirit, 60 1 ‘  Champayne....| 997! 64 315 
P per cent.80° 815) 546874 4 Madeira L138) 62.312 
Ammonia, 27.9 per ct.| 891] 66.687} ‘‘  Port......... 9971 62.312 
Compression of the following fluids under a pressure of 15 Ibs. per 
| square inch : 
. | Alcohol ...... ....... 0000216 Mercury ............ 00000265 
_ Ether...... css... 0000158 Water............... 60004663 





* Specific gravity of proof spirit accordiug to Ure's l'able for Sykes's Hydrometer, 920. 


1 cubio inch = .252.69 Troy gruins. 








WEIGHTS AND VOLUMES OF VARIOUS SUBSTANCES. 49 


Elastic Fluids. 


1t Cubic Foot of Atmospheric Air weighs 527.04 Troy Grains. 
Its assumed Gravity of 1 is the Unit for Elastic Fluids. 


Atmospheric air,349........ 1. Phosphureted hydrogen cr... 1.77 
AIMMONIR. sos... .589 ISuiphureted ....[l 17 
Azote ..... ... REP EETE 976 Sulphurous acid .......... 2.21 
Carbonic acid. ............ 1.52 HSteam,* 2129 ... .. ...... .4883 
86 OXYd............ .972 ISmoke, of bituminous coal.. | .102 
Carbureted hydrogen... .... | 559 ‘6 coke. ........... .105 
Chlorine.  ........... 2 47 “6 wood ..... .. | .09 
Chloro-carbonic .- eue. - ««..[3. 389 Vapor of alcohol .... .... 1|1.613 
Cyanogen. .......... ..... L.#15 **  Lisulphuret of oarbon|2.64 
4 Vapor of bromine  ....... 5.1 
Gas, coal.......... ..-.. 152 ehloric ether ...: |3.44 
Hydrogen res sos .07 ‘6 ether. .... 12.586 
Hydrochloric acid........... 1.278 ‘6 hydrochloric ‘ether 2.255 
Hydrucyanic soso. .942 si ivdine ........... 8.675 
Muriatic acid ............. L.247 ‘6 nitric acid ...... 3 75 
Nitrogen... .972 ‘6 spirits of turpentine|{.763 
Nitrie uxyd .........s...e. 1.094 6 sulphuric acid.....12.7 
Nitrous ucid......-........ 2.638 “6 se ether ...12.586 
Nitrousoxyd. ........... [1.527 6 sulphur.... ..... 2.214 
Uxygen...... ve sonne. 1.102 ‘6 water............ .623 





Weights and Volumes of various Substances 
in Ordinary Use. 





SUBSTANCES. cuve Foot |Cub. 1ocu 1 SUBSTANCES. lcubic ro Qu 150 








| 


METALS. Lbs. | Lbs. METALS. Lbs. | Lbs. 








copper 67 in...........- 455.687 | .2637 
Brace ÿ © ne 33 jes-75 [2829 Riu TI 428 812 | | 2482 
‘gun metal 1543.75 |.3147 “  rolled. .... |449.437 | .2601 
‘6 sheets.....1513.6 .297 
6 wire... 524.16 |.3033 WOODS. Cub, Feet 
Copper, cast ....1547.25 |.3179 tu a Ton. 
“ plates. ..|543.625 |.3167 [Ach...... uses 52.812 | 42.414 
Iron, cast........ 450.437 1.2607 Bay ......... .. 51.375 | 43.601 
‘6 gun metal....1466.5  |.27 Cork... ..... | 15. 149.333 
‘6 heavy forging [479 5 |.2775 [Cedar.... ...... 35.062 | 63.886 
‘ plates .. .... 481.6 .2787 HChertnut......... 38.125 | 58.764 
‘ wrought bars.|486.76 |.2416 JHickory, pig nut..| 49 6 45.252 
Lead, cant.......1709.5 4106 “ * shell-burk.| 43.125 | 51.942 
‘6 rolled. ...|711.75 |.4119 JLignum-vitæ...... #3 312 | 26 886 
Mercury, 60°..... 818.7487| 491174ILogwood . .. | 57.062 | 39.255 
Steel, plates. ..... 487.75 |.2823 Mahogany, Hon- ( | 36. 64. 
1 soft.... ... 489.562 1.286833 duras ....... 66.437 | 33.714 


$ Equai to .07529143 1bs. avoirdnpois. * Weight of a cubic foot, 257.353 Troy grains 


WEIGHTS AND VOLUMES OF VARIOUS SUBSTANCES. 








l'ANCES. |cubio Foot. " SUBSTANCES. |cuvio poor [ere 



























[fra res. 
anadian.….…| 54.6 | 41.101{Coal, Welxh, mean] 81.25 | 27 369 
nglish. 58.25 33 45: Coke 62.5 35.84 
réreaconed]| 66.75 33.66» /Cotion, fbale; mean] 14.5 151.48 
| 53. 20. 4 
the, dr 52.169] “ “presed)| 257 |89.6 
ich. 54.302] Earth, clay ... | 120.625] 18 569 
d 60.74: “common 16.335 








aite. . 64.692 “_ gravel| 109.312] 20 49 
‘Il xeasoned| 29.562 | 75.773] 4 dry, sand. ..| 120 18.667 
low “loose. .. 93.76 | 23.893 












° moist, sand | 128.125) 17 482 
° mold [12 

“° mud. « . 
“with gravel.| 126.25 | 17.742 
ranite. Quincy..| 165.75 | 13.514 
“° Susqueh'ne] 169. | 13.254 
Hay, bale. 












ihracite | 99-75 23.938 Marie mean: :!.| 167 815] 13.343 

102.5 | 21.854[Mortar, dry, mean.| 97.98 | 22.862 
min.,mean| 80. | 28. [Water frexh 62.5 |35.84 
nel.” 94.875 | 23.609] + ‘eult 64.125] 34.931 














nberland..| 84.687 | 26 4518S 036747 — 








Application of the Tables. 


v the Weight of a Substance is required. RuLK.—Ascertain the 
of the substance in cubic feet ; multiply it by the nuit in the secoud 





of tables, aud divide the produet by 16 ; the quotient will give the 
n pounds. 
ithe Volume is given or ascertained in Inches.  RuLr.—Multiply 
+ unit in dhe third column of the tables, aud the product will be the 
2 pounde. 







Sn En dnerer 
26 weight ef a cubic inch == 1.089 lbs. 


parative Weight of Timber in a Green 
and Seasoned State. 




















Ware us Fo Men 
lmbere Greeu. farm Timber, Green. |Seasovet 

Lbn. Oz. | Lhs. Oz. | Lbe. Oz. | Lbs. Oz 
Pin ic: dar -[ 32. 2.4 


44.12 à 
58. 3 zu | 43.8 


60. au | 358 











BALLOON.—WEIGHT OF PATTERNS. 


pute the Capacity of a Ball 


specifie gravity of the air in grains par eubi 
gaz with which it is inflated ; multiply the re 
balloon in eubie foet ; divide the produet by 
substract the weight of the balloon and its a 
26.6 feet, ita weight is 100 
finted is .06 Quir beiog na 


inmeter of a balloon 
e gaz with which it 
' 














6.68 X.5236 495.42 X 9854. 
CS 100 7000 

te the Diameter of a Ballo 
‘ht to be raised being give: 


—100=597.46! 


8 preceding rule, 





= à, s and s’ representing the weight of air 
1, and à the diameter of the balloon in feet. 


the elementa in the preceding use. 


4/18821.09-—96.6 feet. 





ite the Weight of Cast Met 
e Weight of the Pattern. 


When the Pattern is of White Pine. 


y the weight of the pattera in pounds by th 
> produet will give the weight of the casting : 
uss, 15; Lead, 2 ; Tin, 14; Zinc, 13.5. 
Cürcular Cores or Prints.—Multiply the sq1 
re or print by its leugth in inches, the produc 
1e weight of the pattern of the core or priut to 
t of the pattern. 

, in the making of patterns for castings, t 
al foot of pattern. 

th of an inch, Brass and Zinc jstbs, and Ti 
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MEASUREMENT OF ALL SOLIDS BY ONE AND THE SAME RULE. 
UNIVERSAL APPLICATION OF THE PRISMOIDAL FORMULA. 
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YRoM RUSBIA, FRANCE, ITALY, BÉLGIUM, JAVAN, KFC. 


ProwotTer: THOMAS WHITTY, 
PRUFESSOR AT ST. DENIS ACADEMY, MONTREAL. 


Comprises 200 Solids representative of all conceivable elementary forms, as of 
. the Component parts of Compound bodies. 


. Name and description of each solid. What it is representative or suggestive of, or 


that of which it forms a Component part. 
‘ . - 


Nature and name of opposite bases and of middle section as of lateral faces and 
remainder of bounding Area, including every species of Plane, 
Spherical, Spheroidal, and Conoidal figures. 





Division I, classes 1 to X : plane faced Solids and Solids of sinzle curvature. 
Division 11, classes XI to XX : Solids of double curvature. 
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OF SEVERAL LEARNED AND SCIENTIFIC SOCIETIES ; CHEVALIER OF THE 
ORDER 0 ST. SAUVEUR DE MONTE-REALE, ITALY ; ETO., ETC. 


MEASUREMENT OF ALL SOLIDS BY ONE AND THE SAME RULE. 


UNIVERSAL APPLICATION OF THE PRISMOIDAL FORMULA. 


THIRTEEN MEDBALS AND SEVENTEEN DIPLOMAS AND LETTERS AWARDED THE AUTHOR 
FROM RUSSI1A, FRANOE, ITALY, BELGIUM, JAPAN, Erc. 


PRoMoTER: THOMAS WHITTY, 
PROFESSOR AT ST. DENIS ACADEMY, MONTREAL. 


Comprises 200 Solids representative of all conceivable elementary forms, as of 
the Component parts of Compound bodies. 


Name and description of each solid. What it is representative or suggestive of, or 
that of which it forms a Component part. 


Nature and name of opposite bases and of middle section as of lateral faces and 
remainder of bounding Area, including every species of Plane, 
Spherical, Spheroidal, and Conoidal figures. 


Division I, classes I to X : plane faced Solids and Solids of single curvature. 
Division II, classes XI to XX : Solids of double curvature. 


Montreal : 
PRINTED BY JOHN LOVELL & SON. 


1881. 


THE STEREOMETRICON. 


Onremaro : OC. BAILLARGÉ, MS. 

Member of the Society for the Generalisation of Education in France and of seve- 
ral learned and scientific Societies ; Chevalier of the Order of St, Sauveur de 
Mont-Réal, Italy ; etc. etc., etc. 

Measurement of all solids by one and the same rule. 
Universal application of the prismoidal formula. 
Thirteen Medals and seventeen Diploinas and letters awarded the author, from 
France, Russia, Italy, Belgium, Japan, etc. 


Promoren : THOMAS WHITTY, professor at St. Denis Academy, Montreal, etc. 


RULE: Tothe sum of the opposite and parallel end areas add four times the 
ares of a section midway between and parallel to the opposite bases; multiply the 
whole by à part of the length or height or diameter of the solid, perpendicular to the 
bases ; the result will be the solidity or volume, the capacity or contents of the body, 
figure or vessel under consideration. 


For application ef the rule and examples of all kinds fully worked ont, ses 
# Key to Stereometricon."” 


For areas of all kinds, plane, and of single and double curvature, see also ‘ Key 
to Stereometricon,’”’ with tables of areas of circles to eighths, tentbs and twelfths of 
aa imcb, or any other unit of measure, tables of segments and sones of a circle, etc., 
etc, at end of ‘‘ Key.” 


The tableau comprises 200 models, disposed in 10 horizontal and 20 vertical 


rows, series, families or classes. The solids may be indifferently placed, and 
nombered from the right or left and from below upwards. 


The solids are representative of all conceivable elementary forms and figures, as 
of the component parts of all compound bodies. 


DIVISION I. 


Plane faced solids and solids of single curvature, or of which the surfaces are 
capable of being developed in a plane. 


CLASS L 


Prisms. 


Name of solid, objects of which it is Nature and name of opposite bases and 
representative or suggestive, orof which middle section, of lateral faces and re- 
it forms a component part. mainder of bounding surface. 

Reference to “ Key to Stereometri- Reference to page or paragraph of 
con,” for computation of contents and “ Key ” for calculation of areas and of 
of factors necessary thereto. factors necessary thereto. 


Norz.—The author uses the term ‘‘ trapezium ’’ and not ‘‘ trapesoid,”’ as the termina- 


tion ‘‘ old ”’ conveys the idea of a solid as paraboloïd, hyperboloid, conoid, prismoid, eto, 
For the same reason he uses the French ‘‘ trapeziform ”’ instead of trapezoidal. 


1—The cube or hexaedron— 
one oftbe five platonic bodies. 
Representative of a building or block 
of buildings or of one of the component 
parts thereof; a brick or cut stone, a 
pedestal, a die or dado ; a pier or quay; 
a box, chest, package of merchandise or 
._ parcel ; a cistern, bin, vat or other ves- 
sel of capacity ; a pile of bricks, stones, 

lumber, books, etc. etc., etc. 

‘ Key to Ster.,’ page 61, par. (78). 


2.—A right isosceles triangular 
prism. 

On end, a triangular block or build- 
ing ; on its base, a ridge roof ; on one of 
- its sides, the roof of a pent house or lean- 
to. ‘“ Key to Ster.,” page 61. 


3—A right regular pentagonal 
prism. 
On end, the base or component part of 

the shaft of an octagonal pier or column; 

on one of its sides, a baker’s, butcher’s 
or other van; an ambulance, etc. 
“ Key to Ster.,” page 61. 


&4—A right regular octagonal 
prism. | 
Base or shaft of a column, a pier or 
post, a bead, baluster, hand-rail, etc. 
‘Key to Ster.” page 61. 
5.—An oblique hexagonal prism. 
An inclined post or strut or the sec- 
tion of a stair-rail, a baluster on a rake, 
etc. Mitred section ofa rail or bead. 
See ‘: Key to Ster.,”’ page 64. 


6.—Oblique rectangular prism. 

On end, an inclined strut or post, etc.; 
on its parallelogram base, the pier of a 
skew bridge, portion of a mitred fillet, 
etc. See ‘ Key 1o Ster.,” page 64. 


7.—Oblique prism or parallelopi- 
ped. 
Section of mitred fillet on an inclined 
or oblique surface, etc. 


8—A right rectangular trapezi- 
form prism, or a prism of which 
the base or section is a rectan- 

. gular trapezium. 
On end, a pier or block of that shape ; 
on its larger parallel face or base, the 


Each of its three pairs of opposite and 
parallel faces or of its six faces or bases 
and middle sections, perfect and equal 
squares. For developed surface, see 
‘(Key to Ster.,’ page 131. 

Representative of the floor, ceiling, 
waills or partitions of a rectangular room 
or apartment, or of the bases and sides 
of the various objects mentioned under 
the name of the solid. See “ Key to 
Ster.,” page 60. 


Its opposite and parallel bases and 
middle section, equal right-angied 
isosceles triangles. Its sides or la- 
teral faces, rectangles. For areas, see 
“Key to Ster./’ pages 19, 22 and 60. 
Sides suggestive of those of objects al- 
luded to. 


Its opposite and parallel bases and 
middle section, regular and equal 
pentagons ; sides or lateral faces, rec- 
tangles. 

Areas suggestive of those of objects 
mentioned in adjoining column. “ Key,” 
pages 35 and 19. 


Its parallel and opposite bases and 
section, regular and equal octagons 
its sides or lateral faces, rectangles. 
“ Key,’ pages 35, 19. 


Its parallel bases and section, sym- 
wetrical and equal hexagons; its 
sides, parallelograms. ‘ Key to Ster.,” 
pages 26, 19 and 63. Compute half of 
sym. hex. as a trapezium. 


Two of its three pairs of opposite and 
parallel faces or bases and sections, 
equal rectangles ; the other bases and 
section, equal parallelograms.‘ Key 
to Ster.,” page 63. 


Each of its three pairs of parallel faces 
or bases and sections, equal paral- 
lelograms. 


Its opposite and parallel bases and 
gection : on end, equal rectangular 
trapeziums ; its lateral faces, rectan- 
gles : on either of its parallel sides or 
faces : its bases, rectangles; its later- 
al faces, rectangles and trapeziums 


partially flat roof of a pent-house or leu:- 
to; the base of a rectangular stack of 
chimneys on a sloped roof or gable, a 
corbel, etc. See ‘‘ Key to Ster.,” page 61. 


9.—A right trapeziform prism. 

” On end, the splayed opening of a door 
or window or loop-hole in a wall; with 
broader base, a partially flat roof; on 
its lesser parallel base, «a bin or trough 
or other vessel or vehicle of capacity, 
section of a ditch excavation or of a 
raïilroad embankment on level ground, 
a 8cow or pontoon. 


10.—A right or obliqué polygonal 
compound prism, decompos- 
able into right or oblique trian- 
gular prisms or frusta of prisms. 
An excavation or filling, etc. 

A spoil bank or a borrowing pit. 


b 


See “ Key to Ster.,”’ pages 60 and 29. 
May be treated indifferently as a prism 
or prismoid. 


On end, its bases and section, trape- 
giums, and sides, rectangles; on 
either of its parallel faces, its bases 
and section, rectangles ; its sides, 
rectangles and trapeziums. 

N.B—Its solid contents, like those of 
Nos. 2 and 8, may be computed either as 
prisms or prismoids. 


Rule for solid content: multiply one- 
third the sum of the three vertical edges 
or depths of each of the component tri- 
angular prisms, or frusta of triangular 
prisms by the area of a section perpen- 
dicular to sides or horizontal, and add 
the results. 

Page 67, rule II., “ Key to Ster.” 


CLASS II. 


Prisms, Frusta and 


11—A right regular 
prism. 

On end, a triangular building, pier or 
lock; on one of its sides, the gable of 
a wall, the roof of a gabled house, etc. 

“Key to Stereometricon,” page 61. 


triangular 


12.— Lateral wedge or ungula of 
a right hexagonal prism, by a 
plane through edge of base. 
Portion of & mitred bead or hand-rail, 

end of stair baluster under hand-rail, 

ridge roof of an octagonal tower against 

a wall ; base of a chimney stack on a 

sloped roof or gable. 


13—Lateral ungula of a right 
hexagonal prism, by a plane 
through opposite angles of the 
solid. 
Base of a chimney stack, vase or or- 
nament on a sloped roof or gable, etc. 
N.B.—This solid and the last, are not 
prismoids according to the definition 
thereof, page 163, par. (206), “ Key 10 
Ster. ;” but the upper half, folded over 


Ungulae of Prisms. 


Its parallel bases and section, equal 
equilateral triangles ; its faces, rec- 
tangles. Compute as prismoid with 
rectangular bases, the upper base then 
being an arris or line. 


One of its parallel bases a regular 
hoexagon ; its middle base a half hex- 
agon or trapezium; its upper base a 
line ; its lateral faces a line, a rect- 
angle, triangles and trapeziums ; 
its sloped face a symmetrical hexa- 
gon or 2 trapeziums, base to base 


One of its opposite and parallel bases, 
a regular hexagon; the other, a 
point; its middle section a half hex- 
agon or two rectangular trape- 
ziums base to base; its lateral faces, 
trapeziums and triangles; its plane 
of section, a symmetrical hbexagon, 
wbicb, for area, regard as two equal tra- 
peziums base to base, compute and add. 

See ‘ Key to Ster.,”” page 29. 


6 


and applied to the lower balf, evidently 
completes the prism, and hence the soli- 
dity is exactly obtained by the prismoi- 
dal formula, as it is of a like frustum of 
a cylinder or of an ungula thereof by a 
plane through edge of base. 


14.—Central wedge or ungula of 
a right hexagonal prism; «a 
prismoid. 
A wedge, the ridge roof of a tower, 
the base of a chimney siack, vase or 
ornament between two gables. 


15.—An oblique trapesiform 
prism. 

The partiaily flat roof to a dormer 
window, the roof of a building abutting 
against another roof, the splayed open- 
ing of a basement window, a« mitred 
portion of a batten or moulding, section 
of a ditch excavation, or of an embank- 
ment on « slope. 


16.—An oblique triaugular prism. 

The roof of a dormer window or of a 
wing to a house with a sloped roof, a 
mitred moulding or fillet, etc. 


17.—Frustum of a rigbt triangu- 
lar prism. 
Ridge roof of a building against a 
wall, a mitred moulding, etc. 


18.—Irregular frustum of an ob- 
lique triangular prism. 
Ridge roof of a building of irregular 


Orthe symmetrical hexagon may be 
decomposed into a rectangle and two 
equal triangles, for computation of aren 


One of its parallel bases, a heozxa- 
gon; the other, a line ; its middle sec- 
tion,a symmetrical hexagon or two 
trapeziums, base to base; its later- 
al faces, triangles and trapesiums. 

Bee ‘Key to Ster.,” page 29. 


Treated as a prismoid: its opposite 
and parallel bases, unequal rectan- 
gles; its lateral faces, trapesiumes. 

Tbe factors of its middle section arith- 
metical means between those of its 
opposite aud parallel bases. 


Treated as a prismoid : one of its op- 
posite and parallel bases, a rectangle; 
the other, a line; ïts lateral faces, 
equal triangles and parallelograms. 


As a prismoid: one of its parallel 
bases, a rectangle; its opposite base, a 
line; its middle section, a reotangle. 


Considered as a prismoid : one base, a 
trapezium, the other, a line: its mid- 
dle section, a trapesium ; its ends, 


plan abutting on the unequally sloped non-parallel triangles ; its sides, tra- 


roof of another building, etc. 


19.—A right prism on a mixti- 

linear base. 

On end, the unsplayed opening of a 
door or window in a wall, etc. 

Note, for area of segment of circle or 
ellipse, see “ Key to Ster.,”? pages 38, 44, 
61, 53, 57, tables IL. III., 1V., VILI. 


20, —Regular frustum of an ob- 
lique triangular prism. 
A ridge roof, mitred fillet, etc. 


pesiums. 


Parallel bases and section mixti- 
linear figures decomposable into a 
rectangle and the segment or half of a 
circle or ellispis; the lateral face, a 
continuous rectangle. 

Note.—The segment of a cirele or 
ellipse may be equal to, less or greater 
than a semi-circle. 


As a prismoid : one base, a rectan- 
gle ; the other, a line : the middle sec- 
tion, a rectangle. 
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CLASS III. 


Frusta of Prisms, Prismoids, Wedges. 


21—The dodecaheäron, or 
twelve-sided solid, one of the 
five platonio bodies. 

Assemblage of twelve equal pyramids 
with pentagoual bases, their apices or 
summits meeting in the centre of the 
solid or of the circumscribed sphere. 

The capital or intermediate section of 
a pentagonal shaîft or column, a finial or 
other ornament. 


22.—A rectangular wedge, the 
bead or heel broader than the 
blade or edge. 

The frostum of a triangular prism, 
or may be treated as na prismoid, using 
either of its three pairs of parallel bases. 

An inclined plane, a low pent roof, an 
ordinary wedge, etc. 


23.-—-A rectangular weëdge or in- 
clined plane, the head or heel 
of equal breadth with the 
edge or blade. 

A right triangular prism. Body of a 
dormer window or base of a chimney 
stack on a low or steep roof, etc. 


24.—An isosceles wedge, the edge 
or blade broader than the heel. 
May also be considered, the frustum of 
a triangular prism or a prismoid with 
three pairs of parallel bases. 


25.—Frustum of a right rectangu- 
lar trapesiform prism, or a 
prismoiël. 


Tbe six pairs of parallel bases or 
twelve component faces of the solid, 
equal and regular pentagons; the 
middle section a regular decagon, the 
side of which is equal to half the diago- 
pal of the pentagon, for area of which 
see “ Key to Ster.,” page 36, rule IT; or 
compute one of the component pyramids 
and multiply by twelve. For developed 
surface, see “ Key to Ster.,” page 132. 


On end: its opposite and parallel 
bases, a rectangle and a line ; its mid- 
dle base or section, a rectangle. On 
one of either of its other two pairs of pa- 
rallel bases : one base, a trapezium, the 
other, a line: the middle section a 
trapesium ; side faces, a reotangie 
and triangles. 


Each of its three pairs of parallel 
bases, a rectangle and a line; its 
middle sections, rectangles, respective- 
lÿ equal to half the corresponding base. 
May also be treated as a triangular 
prisam, with bases and section equal 
triangles. 


As a prismoid : one of its pairs of pa- 
rallel bases, a rectangle and a line; 
middle section, a rectangle ; each other 
pair of parallel bases, a trapesium 
and a line: middle section, a tra 
pesium. 


As a prismoid : its op posite and paral- 
lel bases, rectangles ; the longer side of 
the one corresponding to the shorter side 


A roof, partially flat, abuttingagainst of the other; its middle section, a rec- 


vertical wall at one end and in rear, 
against a sloped roof at the other, etc. 


26.—Irregular frustum of an ob- 
lique trapeziform prism. 


tanglo; all its lateral faces, trape- 
sioms. 


As a prismoid : its opposite and paral- 
lel bases and middle section, trape- 


A roof between two others not paral- siums; its lateral faces, trapeziums. 


lel, irregular section of a ditch or em- 
bankment. 


Factors of middle section arithmetic 
means between those of the bases. 


27.—Frustum of a right isosceles 
trapeziform prism, a prismoid. 
On its larger base, a roof, section of an 
embankment, etc.; on its lesser base, a 
bin or vessel of capacity ; the capital of 
a pilaster, a corbel ; on end, a splayed 
opening in a wall. 


28.—Frustum of an isosceles tri- 
angular prism, a prismoid. 
Ridge roof with ends unequally sloped, 
mitred moulding, etc. 


29.—Frustum of a trapesiform 
prism, a prismoid. 

A flat roof, etc. ; on its lesser parallel 
base, a bin or reservoir, a vehicle of ca- 
pacity, a sCow, a pontoon ; on end or its 
parallel faces vertical, the splayed open- 
ing of a window. 


30.—A prismoid on a mixtilinear 
base. 

The roof of a building, circular at one 
end or coved ceiling of a room; on its 
lesser base, a bathing tub, etc. ; vertical- 
ly, the splayed opening of a circular 
headed window in a wall. 


As a prismoid : its opposite and pa- 
rallel bases and middle section, rect- 
angles ; lateral faces, trapesiums. 

Ju all sucb solids, the half way factors 
need never be measured, as they are al- 
ways means between the parallel bases 
of the trapezium faces. 


As a prismoid : one of its opposite and 
parallel bases, a rectangle; the other, 
a line ; its middle section, a rectan- 
gle. ‘“ Key to Ster.,"’ page 19. 


As a prismoid: its opposite paral- 
lel bases and middle section, rectan- 
gles; its lateral faces, trapesiums. 
Factors of intermediate section or mid- 
die base, arithmetic means between 
those of the end bases. 

‘“ Key to Ster.,” page 29. 


Its opposite and parallel bases and 
middle section, mixtilinear figures : 
the one a rectangle and a semi-cir- 
cle: the other two, rectangles and 
semi-ellipses; its arched end deve- 
loped, a sort of trapezium with curved 


. bases; its area equal to half sum of 


bases by mean breadth or height. 


CLASS IV. 


Prismoids, etc. 


31—The icosahedron, or twenty- 
side d solid ; one of the five pla- 
tonio bodies. 

An assemblage of twenty equal pyra- 
mids on triangular bases, their apices 
or summits meeting in a common point, 
the centre of the solid or of the circum- 
scribed or inscribed sphere. 

À finial or other ornament, etc. More 
expeditious to treat it for solidity by 
computing one of its component pyra- 
mids, and multiplying the result by 
twenty. 


4 


32.—AÀ prismoid, both its bases, 
lines. Irregular triangular pyra- 
mid. 
Dormer or gablet abutting on a sloped 


roof. Component section of No. 79. See 
‘Key to Ster.,” page 165, par. (212). 


The ten pairs of parallel bases or 
twenty component faces of the solid are 
equal equilateral triangles. Its 
middle section, a regular dodecagon. 
Its middle section parallel to two oppo- 
site apices or to the bases of any two 
opposite pentagonal pyramids of the 
solid, a regular decagon, whose side 
18 equal to half that of one of .the edges 
of the solid. For developed surface, see 
“Key to Ster.” page 133. 


Its opposite bases—considering the 
solid as a prisemoid resting on one of its 
parallel edges—lines ; its middle section 
a rectangle. See “ Key toSter.,'' page 
164, par. (208). 





till 


83.—A prismold on a trapesiform 
base. 
A cutiing or embankment, ete. 


34—A railroad prismold on a side 
salope. 
Section of a railroad cutting or em- 
benkment on ground, sloping laterally 
or in one direction only. 


85—A railroad prismoid on a 
grade and side slope, or on 
ground sloping both laterally 
and longitudinally. 

Its narrow base upwards, an embank- 
ment ; the same downwards, a cutting 
or excavation. 


86—A square or rectangular 
prismoldal stiok of timber, 

A oquared log, s tapering post, the 
shaft of s chimney or high tower, s re- 
ducer between rectangular conduits of 
unequal size, etc. 

Note—25 per cent. of the whole or 
true content is 234 per cent., or one-thirà 
of the erroneous result. 


37.—A prismoidal stiok of waney 
timber. 
A log of waney timber ; on end, the 
sbaft of a chimney, a high tower, à ta- 
pering post. 


38.—A concavo-convex prismold 
or curved wedge. 
A corbel, spandrel, finial, ete. ; a brake, 
acam,etc. 4 Key to Ster.” par. (141). 


39.—A recto-concave prismoid,or 
frustam of a curved wedge. 

A corbel, spandrel, buttress, etc. May 
be decomposed, as also No. 88, into two 
sæctions for more exact computation of 
solid contents. 


40—Frustum of a rectangular tra- 
pesiform prism, a prismold. 
À fat roof in arectangalar corner ; on 
its lesser base, an angular corbel, asink, 
cistern, bin, ete. 


8 


One of its parallel bases, a 
sum ; the other, a line ; it 
section, s trapesium. 


Its end sections or bases ant 
parallel section equal quadril 
For ares of which 866 “Key t 
page 30. 

This prismoid is & prism on at 
ar base, and may be go treated. 


Its opposite and parallel end bi 
midle section, quadrilaterals 
tors of the middle section b 
arithmetic means between thos 
corresponding end areas. 


Its end bases and middle 
squares or rectangles. 

Timber is usually measured 
plying its middle section into it 
This gives an erroneous result ; { 
tapering the timber is, the more 
tapered to a pointthe error # 
26 per cent., or one-quarter of ti 
in defect. 





Its opposite bases and middle 
syrometrical octagons, for 
which see “ Key to Ster.”” pe 
par. (272), or squares or rectang 
chamfered corners or angles. 


Its opposite bases, a rectan( 
a line ; its middle section, a: 
&le ; its developed faces, trapr 
sides, mixtilinear triangles. 





Ite opposite and parallel be 
middle section, rectangles; 1 
loped faces, trapesiums ; its 
faces, mixtilinear traperium 
For areas 86e “ Key to Ster.” | 


As « prismoid, its opposite an: 
lel bases and middle section, 1 
gles ; its lateral faces, trapes: 

# Key to Ster.;” page 104, pa 
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CLASS V. 


Prismo 


itahedron or eight- 
re ; one of the five 
odies. 

of eight equal pyramide 
1ases, their apices meet- 
m point, the centre of the 
quadrengular pyramids, 


1018, one of its bases 
1e other an octagon. 
al of a column, roof of a 
«tower, pier, vessel of ca- 
ent section of « steeple, 


moiä, its opposite 
uare and a circle. 

alof a column, roofofa 
tower, pier, vessel of ca- 
thouse, « section of & 
1, « reducer between & 
ular conduit. 





Ids, etc. 


Its four pairs of] 
component faces, 
angles; its middl 
hexagon ; its mic 
opposite apices ant 
tervening arris or 
through four apit 
developed surface : 
page 132. 


Its opposite an 
square and an oc 
section, s symmet 
lateral faces, tria 
siums. For area 
agon, see “ Key to 


One of its opposi 
a square ; the ot 
middle section, à r 
or a square with 

Ite lateral surfac 
opment into a pla 
gure, one base cire 
gonal. 


oid, its bases unequal lis opposite bases 


: diagonally. 
'e of the same ebjects as 
and 43. 


oid, its bases a hex- 
rectangle. 
re of nearly tbe same ob- 
e last solide. 


ral frastum of a rect- 
late spindle. 

uare tower, component 
3 ete. 


A4, its bases, an el- 
square. 

itween an elliptie and 
a roof, etc. 


get diagonally to e 
die section, s sÿmn 
its lateral faces, tri 





One of its baser 
other # rectangle 
8 symmetrical oc 
faces, rectangles : 


Its parallel bases ar 
its lateral surface, 
ures capable of-dex 
surfaces. For area 
to Ster.’ page 57. 


Its middle sectio 
figure or approz 
lateral surface der 
trapesium, one ba 
polygonal. See ‘1 
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48.—A prismoidà, its bases a sym- 
metrioal hexagon and a line. 
Ridge roof, coping or fnial to a post, 

dauel ornament, etc. 


49.—A prismoid, its bases. a sym- 


metrioal hexagon and a losenge. 


Flat roof, ornament, etc. ; on its less- 
er base, a fancy basket, a disk, etc. 


S0.—A groined ceiling or the half 
of a rectangular oblate spindie. 
A roof, panel ornament, etc. For 

more exact computation of contents, de- 

Compose into two parts. 


Its middle base, a symmetrical oc- 
tagon ; its lateral surface, triangles. 
For symmetrical hexagon, area equal to 
double that of half the figure, which is a 
trapezium. 


Its middle section or base, a symme- 
metrioal deoagon ; its lateral faces, 
triangles. Area of hexagon, double 
that of component trapezium. 


Its base and middle section, squares : 
its opposite base, « point ; its lateral 
faces, mixtilinear figures. 

For areas of mixtilinear figures see 
“ Key to Ster.,” page 57. 


CLASS VI. 


Pyramids and Frusta of Pyramids. 


S1—The tetrahedron, or four- 
sided figure ; one of the five pla- 
tonio bodies. A regular trian- 
gular pyramid. 

Apex roof of a triangular building, fi- 
pial or other ornament, the component 
element of the icosahedron and octahe- 
dron. 


82.—A regular square or rectan- 
gular pyramid. 
The spire of a steeple, a pinnacle, roof 
of square tower, a bin, a vessel of capa- 
city, a finial or other ornament, etc. 


83.—A pyramid, two of its faces 
perpendicular to base. The un- 
gula of a rectangular prism on 
either of its bases. 

An apex roof, section of cutting or 
embankment, component portion of 
other solids, a roof saddle. 


S4.—Frustum of a right triangular 
pyramid. 

Roof, base or capital of a post or co- 
Jamn, base of a table-lamp or vase, «a 
vessel of capacity, component section of 
other solids. 


Its base and middle section, equila- 
teral triangles, the lesser equal in area 
to one-quarter the greater, its upper or 
opposite base, a point ; its faces, tri- 
angles. For development of surface 
s00 ‘“ Key to Ster.,/’ page 131. For area 
of bases and faces, see page 36, rule II. 


One ofits parallel bases, a square ; 
the other, a point ; its middle section, 
a square, of which the area is one quar- 
ter that of the base. Lateral faces, 
isosceles triangles. 


Its base and middle section, trian- 
gles ; apex, a point. Factors of middle 
section half those of the base. 

Affords a demonstration of the theorem 
that in right-angled spherical triangles 
the sines of the sides are as the sines of 
the angles. 


Its parallel bases and middle section 
similar triangles ; lateral faces, tra- 
pesiums. Factors of section arithmetic 
means between those of bases. 








13 


vat, tub, bucket, pail, vase, drinking 
vessel, cauldron or other vessel of capa- 
<ity ; a road or other roller ; the cylin- 
der of a steam or other engine ; a gaso- 
meter, the barrel of a pump, etc. ete. 
etc. | 


62.—Frustum of lateral ungula or 
wedge of a right cylinder. 

May represent a cylindrical window 
or opening in a sloped roof abutting to 
a vertical wall or surface, the liquid in a 
closed cylindrical vessel held obliquely, 
base to chimney or vase partly on a 
horizontal, partly on a gabled wall. 


63.—A rectangular oiroular ring ; 
The difference between two concen- 
tric cylinders, or a solid annulus. 
Horizontal section of a tower wall, 
cross section of a brick, iron or other 
conduit, section of a boiler, vat, tub, or 
©tber vessel of capacity, etc. etc, 


6t.—Central ungula or wedge of 

a right cylinder. 

Ridge roof of a tower, a wedge, loop 
hole in a wall, component portion of 
<ompound solid, a finial or otber orna- 
ment, a strainer, etc. 


65.—Frustum of central wedge or 

ungula of cylinder No. 64. 

Flat roof of tower or other building, 
base or capital of rectangular pillar, 
vessel of capacity, component portion 
of compound solid, base of chimney, 
stack or vase between two gables. 


66.—Lateral ungula of right cy- 
lHnder or 
wedge. 
Lunette or arched headway of a 


height, that of the cylinder; its length, 
tbe circumference of the solid. 

For areas of circles calculated to 
eighths, tenths and twelfths of unity, see 
tables IL., IIE., IV. at end of “ Key to 
Ster.” 


Its base, a cirole ; its opposite base, a 
somi- circle or other segment ; its 
middle section, a segment greater 
than a semi-cirole : its plane of 
section the segment of an ellipsis : its 
cylindrical surface decomposable by lines 
parallel to bases into trapeziums. 
For areas of segments, 8ee table VIIL., 
“ Key to Ster.,"” pages 53, 38, 44. 


Jts bases and parallel section, con- 
centric annuli ; its interior and exte- 
rior surfaces, continuous rectangles. 
The area of annulus equal to the dif 
ference of the inner and outer circles, of 
to the breadth of annulus into half the 
sum of its circumferences. See “ Key to 
Ster.,”’ page 39. 


Its base, a cirole ; its opposite base, 
a line ; its middle section, the zone or 
a circle ; its sloped faces, each a semi- 
elipsis. Its cylindrical surface decom- 
posable into trapesiums by arcs pa- 
rallel to base. See tables II. IL, IV. 


IX., of “ Key to Ster.’’ also pages 38, 
46, 53. ; 


Its greater base, a cirole ; its lesser, 
base, the central sone of a oircle : 
its intermediate base, the xone of a 
cirole ; its lateral faces, equal seg- 
ment of equal ellipses. Its cylin- 
drical surface decomposable into trape- 
siums parallel to bases. See “ Key to 
Ster.,’ page 51. 


Its base, a semi-circle ; its inter 


reoto-cylindrical mediate base or middle section paral- 


lel to base, also a segment; its op- 
posile base, «à point; its plane of 


door or window, etc., in a sloped roof, section or sloped face, a semi-ellipsis. 
component of a compound solid, the Its curved surface developed an ap- 
liquid in aninclined cylindrical vessel, proximate parabola, trapeslums, 
base of a salient chimney shaîft over a etc. See “ Key to Ster.,” pages 38, 44, 
Troof, etc., etc. 51, tablesl]., III. 1V., VIIT. 
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Its paral 
segment 
more th 
aloped fact 
ellipsis ; 
sium par 
segment, s 
role L, ral 
ellipais, se 

It base, 
greater tl 
a ne: it 
trio sone 
faces, the a 
other plant 
of an elli 


One of its 
greatertt 
tbe lune 
semi-cire 
lace equi 
cirole. I! 
concare a 
For areas € 
page 47. 
Wen de 
tion ellipi 
ellipsis e 
inclined c, 
balf an 
Nos. 72, 73, 


3 VIT. 
Ungula: 


Lis paral 
ellipses ; 

derelopmen 
figure. S 
page 57. 
51 of sume. 


One of itt 
of slight 
base, & pc 
semi-ellip 
plane of sec 
lipsis of { 
lateral eglit 
ure like rm} 
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la of Sameas No. 72. 
lindrical surface, see 
A but Key to Stereometric 
For ares of ellipsis, 
pages 51 and 53, 


itum Same as No. 73, wi 
of plane section. Its « 

3, but developed similar toi 

ad of “Key;"its curved 
developed an oval 0 
57, “ Key to Ster.” 


geof Semeas No. 72. F 
lindrical surface, see : 
roof, fig. b, page 57; “ Key 





aoïr Its middle section, 
itary which the conjugate 





those of the opposite 
a cir- of circle, see tables IL 
b, vat_ellipses, page 51, 4 Ke 
with surface developed, a 
cular form fig ; its greater 
er, concave ; its area, 
middle section into m 


tary Its lateral surface 
Ipsis plane trapeziforn 

greater peripbery cc 
conic concave. : Ares equa 
flat- middle section into m 


ilip- Factors of middle: 
ther. means between those 
umn, eral surface developt 
; me- pesiform figure of 
ends phery of middle se 

height, page 51 of‘ E 


;its Middle section, s mi 
: with factors, arithmet 
18 or those ofbases. Fora 
‘ainer tion, page 57 of “ Key, 
t. developed, a plane t 
its base, convez ; il 
angular. Area equal 
middle section into m 


16 


a cylu- For cylinder, se No. 61, class VIL ; 

for cone, see No. 81, cleas IX. The de- 
but, tent, _veloped surface of a right cone is the 
bay rick, sector of a ofrcle. For area, see 
cauldron, ‘ Key to Ster.” page 42. 


CLASS IX. 


d Cone, Frusta, Angulae, etc. 


ifinitery Its base, s oirole; its opposite base, 
a point; its middle section, a cirole 

or other equal in area to one quarter that of base, 

3, commet, Its lateral surface developed, the sector 
of a circle. For area of circle, see tables 
I, LL, IV, Key to Ster:” 








t cone, Its opposite and parallel bases and 
1 middle section, ciroles ; its lateral sur- 
capital of face dereloped, the sector of a oircu- 
mponent lar ring, or a ourved trapesium. 
ub, ete. ; The diameter of middle section an aritb- 
Ib or vat _metic mean between those of the oppo- 
adrink- site bases. For area of bases and sec- 
, basket, tion see “ Key to Sler.;” page 38 ; for 
city, the lateral surface, page 43. Tables of 
areas of circles to eighths, tenths and 

twelfths, IL, LIL, IV. 


‘one. Its base and middle section, similar 

liquid or ellipses—the latter equal in ares to 

ressel in- one quarter the former ; the upper base, 

or orna- an apex or point ; lateral surface deve- 

ice or pe- loped an irregular sector, wbicb, for 
computation of area, divide into trian- 
gles. 


cone. ts opposite and parallel bases 

peningin middle æction, similar ellipses 

ror con- lateral surface developed portion of an 

ndaits of eccentrio annulus, art. 39, page 43 

ntrically, of“ Key to Ser.”_ Diameters of midile 
section, arithmetic means between those 
of bases 





Lis base, a circle ; opposite base or 
struction; sex, « point; îts middle section, a 
3te. ; finial ofrole equal in area to one quarter that 
at, a pile of base; its lateral face developed in & 
rerersed: plane, the sector of a oirole. 
iron or For ares of circle, see tables IL, LI, 
filter, ete. IV. of “ Key to Ster. ; ” for scotor, see 

page 42 of same. 


© —— —— —s"— - 
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86 —Frustum ofalow or surbased 
cone. 

Flat roof to a pavillion, tower, etc. ; a 
bat, the cover of a vessel of capacity ; an 
unfinished or truncated pile of shot or 
sbells ; a lamp shade; a finial or other 
ornament ; the bottom, base, top or other 
component section of a compound solid, 
as of No. 100; reversed : a dish, pan, 
saucer, cauldron, cisatern, etc. 


87.—Parabolic conio ungula by a 
plane parallel to side of cone. 
Lunette to a circular headed opening 

in a wall and sloped ceiling ; liquid ina 

closed conic vessel inclined to the hor- 
iso. 

N.B.—For ratio of cord of middle sec- 
tion or segment to that of base, see“ Key 
to Ster.,'” page 143, wbere it is shown 
that the squares of the cords are propor- 
tioual to the abscissae. 


88.—Frustum of parabolic conic 
ungula by aplane parallel to 
base of coue. 

Splayed opening or embrasure to a 
segment-shaped window or loop hole in 
a wall; lunette to opening in sloped 
ceiling terminating in a vertical sur- 
face; liquid in a closed vessel in the 
shape of the frustum of a cone, No. 82, 
when inclined from the vertical. 

For cord of middle segment, measure 
solid or compute by page 143 of “ Ster 


89.—Frustum of a right elongated 
cone. 

Sbañt of Grecian column,tapered post, 
higb tower or chimney sbaft, funnel, 
pipe reducer, speaking trumpet or horn, 
plug of a stopcock or tap, deep drinking 
goblet, or other vessel of capacity large 
or small, shaft of a gun, component por- 
tion of many compound solids, etc. 


90.-- À compound solid, composed 
of or decomposnble into the frus- 
tum of a right cone and the 
segment or half of a sphere or 
spheroid. 


Its opposite bases and paralled middle 
section or intermediate base, ciroles ;: 
diameter of middle section, au arithme- 
tic mean between those of the opposite 
bases; the lateral area developed in a 
plane, the seotor of a circular an- 
aulus. 

For areas of circles, see tables II., LIL. 
IV. of “ Key to Ster.,” sector, page 43 of 
same. 


The base, the segment of a cirole ; 
the opposite base, a point; the middle 
section, the segment of a circle ; the 
plane of section a parabola. Forareas 
of segment, see “ Key to Ster./’ page 44 
and table VIII. : for area of parabola, 
page 54 of same. The lateral surface 
developed an approzximate sector of 
a Cirole. The height or versed side of 
middle section segment is half that of 
base. 


The parallel bases and middle section, 
segments of a cirole; the lateral plane 
face or figure, the sone of a parabola, 
for area of which see “ Key to Ster.,”’ 
page 55, art (66); the developed conic- 
al surface, an approximate sector of 
a circular annulus or, more correctiy, 
a trapezium with curved ooncen- 
tric or parallel basss, for area of 
which see note page 29, ‘“ Key to Ster.,"’ 
For area of segment, table VIII. and 
page 44 of same. 


Like No. &2, its crrosite srCarallel 
bases and middle section circles; dia- 
meter of middle section equal to the half 
sum of those of the bases ; the developed 
lateral surface, the sector of a con- 
centric annulus. 

For areas of circles to eighths, tenths 
and twelfths, see tables II. II. IV., ot 


« Key to Ster. ;” for that of sector, page 
43 of same. 


For nature and areas of bases and mid- 
dle section of the component frustum or 
a cons and of its lateral surface, see Nos 
82 and 89, 

For areas of bases and middle section 


, 18 
nta piece of ordnance, a of hemisphere or hemispheroïd. or of the 
ressel with hemi-spherical segment of either, greater or less than a 
al or segmental bottom or hemisphere, see tables IL, II, IV. in 
“Key to Ster.” 
bere, hemi-spheroid, or seg- For diameter of middle section in hemi. 
, greater or less than half, sphere or in segment thereof, see “ Bail 
19, 20. largé Geometry,” par. 539 or Key to 
rof middle section inseg- Ster.” par. 154, where oa = ŸCo. o. 
oïd, see “Key to Ster,” ad oD = diam. AB minus versed sine 
id 149, where AB : CD : : 00 ; or, the square of the half cord equals 
M and C D : AB:: the rectangle under the versed sine and 
[, or, the rectangle under remainder of tbe diameter ; or, may be 
adius and either axis ofthe obtained directly bÿ measuring the solid, 
qual to that under the 
the rectangle or product 
18 of the first axis and the 














CLASS X. 


Conic Frusta and Ungulae, etc. 


wedäge or centralun- The base, a circle; the parallel up- 
1oue by planes drawn per base, an arris or line; tbe middle 
oosite edges of the section parallel to bases, tbe sone of a 
setin the axis ofthe cirole; the lateral plane faces equal 
segments of equal ellipses, each 
o a tower, splayed open- greater than half; the curred or co- 
ure to a long narrow ver- nical faces developed, equal curvil- 
ina wall ; component sec- {near triangle. 
ind solid as of à cone and For areas, see pages 38, 46, 83 and 57, 
conses baving their bases and tables IL, LIL, IV., of “ter” For 
pposite directions. Area of zone, see table IX. of same. 





mofa conio wedgeor The base, a ofrole ; the opposite and 
tral ungula of a oone parallel base, a one of a circle ; the 
ne parallel to base; middle section, a one; the lateral 
zonsidered the frustum ofa plane faces, equal segments of 
terally and equally trun- equal ellipses; the developed conical 
rite sides. surfaces resolvable into trapesiform 
1 epleyed embrasure in a figures. 
mt portion of a compound For area of traferium, page 39, “ Key 
10 Ster.” 





lelliptic ungula ofa lis base, a orole; its-upper or oppo- 
a plane passing site base, a point; its middle section 
äge of base. parallel to base, the segment of a cir- 
ibrasure 10 elliptie open- cle ; its plane face an ellipsis ; its co- 
à through sloped roof or nical surface developed a concavo- 
convex figure like b, page 97 of « Key 

to Ster.” 





segment 
e, « point 
ment of # 
face, the 
the deve 
No. 87 or 9 
parallel to 
> 8 parabe 
than side o 
ifless, an € 


xections ser 
ical surface 
agle comp 
ey to Ster.’ 
plane facer 
equal elli 
r equal 
See No. 94. 





e segmen! 
a point or 
te base or 

ns if dividi 
cal content 
Its sides lik 


ad bases ar 
ts of oirol 
pe a figur 
parallel or c 
8 bases ; its 
ellipsis o1 
erbola act 
tüng plane 


role; opl 
nediate se 
Wole; its 
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al _ellipsis, its conical surface developed a 
re, concavo-convex figure like gor b, page 
of. 97 of Ster. but with concare base. 
2 Trest on circuler base as easier of com- 
putation. : 


n- Allits areas to be used in computa- 
le tion of solid contents or capacity are 
w _oircles, and can be measured to eightbs, 

tenths or twelfths of an inch or other 
w- unity, and the areas found by mere in- 
er spection in tables IT, IIL. and IV. at end 
a of Baillargé's ‘ Key to Ster.” 





SION 2. 


rbich the surfaces are not capable of devel- 


ASS XI. 


Frusta and Unguiae. 


or Its base and parallel sections, ciroles ; 
its upper or opposite base, an apex or 

il-_ point. Its lateral surface not capable of 

er, development in & plane or into & sector 
of a circle as is the case with a regular 

re right cone, but may be resdily and very 

d- approximately computed by division in- 

of to continuous trapesiums by lines 
parallel to circumference of base. See 
1 Key to Ster.,” page 96. 


n- Itsbases and parallel sections, o'r- 
el cles. lutermediate diameters not, as in 

No. 82, arithmetical means between those 
#3 of tho opposite or end bases, but must 

be measured or computed. Lateral area 
m- may be conceired as made up of a series 
re, of super or juxta-posed continuous 
re trapeziums. 


Its base and section, approximate 
r- ellipses of slight excentrioity or 
c, ovoid figures; its other base, a point. 
by In developing the lateral surface into 
to a series of continuous trapesiums, 
at the lines are not as in the right cone 
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x sensibly s parallel to base or to ci 

03, par. 139, parallel sections, but are 
tant from the apex, thus 
base a figure like b, page 
Ster 


ique oon- lis bases and sections j 
\ parallel approximate ellips 

figures. Ses remarks à 
8 No. 84. 


save cone. lis bases, a ofrole ant 

f the objects tion, s ofrole ; lateral a: 
continuous trapezit 
“Key to Bter” 


at or low Its bases and section, oi 
of which see tables IL, 

runder hesd “Key to Ster.” to eighr 
twelfths of inch or other 


save cone See No. 93. Lateral su 
er edge of to trapeziums and tri 

Base and sections, © 
+ represents, areas, page 67 of Key. 


save oone Bases and section, sg 
base. oles ; upper base, a poir 
; represents, face as No. 107. 


mconeby Base, a oirole; 0j 
of lesser point; middle section, 

ofa ofrole ; lateral are 
ney stack to and triangles. 


» 108) un- Its base, a cirole; otl 

ltobase. ment ofa circle: its 
parallel to bases, also s 1 

xan, or base areas of segments of cire] 

# outside of ter.” table VILL, or ru 
same. 
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CLASS XII. 


'arabollc Conoid, Frusta and 
Ungulae, etc. 


or para- 


1 or other 
ver, hood, 
cauldron, 
€ bowl ofs 
etc. 


+ parabo- 
lanes. 
» objects as 


pld. 


À inclined 
à inclined 
aninclinod 
at,ete. 


que para- 
planes. 

un of in- 
to Bter.” 


| or cen- 


iboloidal 
ough its 
other or 


represents. 
partly ons 
n inclined 


f'parabo- 
to wbat it 


Its base and middle section, ciroles ; 
its opposite base or apez, a point; its 
lateral surface resolvable into a small 
circle at apex, and continuous tra- 
posiums. The squares of its interme- 
diate diameters, proportional to abecis 
se. Boo ‘Key to Ster./” page 96. 


Eod and middle beses, aircles ; 
squares of diameters proportionsl to 
abacissse. For areas of cireles, see 4 Key 
toBter.” tables IL, III. and IV. 


Its base and middle section, similar 
ellipses ; its opposite base or other end, 
au spex or point. For areas of ellipés 
see 4 Key to ter.” page 51 ; for lateral 
area see No. 103. 


Its bases and middle section, similar 
ellipses ; for areas of which see Key to 
Bter,, page 51 For lateral area, 58e No. 
108 or reduce to trapesiums by lines 
from base to base. 


Lateral or paraboloïdal surface cap 
able of approrimate development. _Bce 
No. 91. 


Its lesser base, a circle; opposite 
bas, the segment of a ofrole ; middle 
section, also a segment. ts lateral 
plane face, tbe segment of an ellip- 
sis. This face would be a parabola if 
angle of face equalled that of side ; if 
greater, a byperbola. 


Its base, a cirole ; opposite base, a 
point; middle section, tbe segment 
of aoircle. Its plane face an ellip- 
sis. 
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118.—Lateral ungula of parabo- 
loid ; elliptic, parabolic or hyper- 
bolio, according as plane of se0- 
tion cuts the base at an angle 
less than, equal to, or greater than 
that of the side and base. 


119.—Obtuse eliptic ungula of 
a paraboloid, by a plane through 
edge of lesser base of frustum. 

Base of chimney stack, etc., to sloped 
roof; base of a vase, statue, etc., on a 
pediment ; a lunette, scoop, etc. 


120.—Frustum of a paraboloid 
dbetween non-parallel bases. 

# Key to Ster.”’ page 1456. 

Lunette through a vertical wall and 
Enclined ceiling, etc. For computation 
of solid contents decompose into a frus- 
tum with parallel bases and an ungula 
by «a plane parallel to base, through 
nearest point of upper base. 


Its base, the segment of a cirole ; 
its middle section, «a segment ; its up- 


‘per or opposite base a point ; its plane 


face, the segment of an ellipsis, pa- 
rabola or hyperbola, according to 
angle of plane of section. 


Its base, a circle: middle section, a 
segment; other base, a point; ite 
plane face, an ellipsis. For areas of 
segments of circles, table VIII. of “ Key 
to Ster.” For area of ellipsis, page 61 of 
same, 


Its factor areas, oiroles and a seg- 
ment; its plane face, an ellipsis. Fer 
areas of segments of circles, table VIII. 
of‘ Key to Ster.'” Area of circle, tables 
IT. IN. and IV. of same; ellipsis, page 
51 of game; lateral area, page 95; 
solidity, page 145 of same. 


CLASS XIII. 


Hyperboloïd or Hyperbolilc Conoid, Frusta and 
Ungulae, etc. 


121—Righbt hyperboloid or hy- 
perbolic conoid. 

Page 146, “ Key to Ster.” Represen- 
tative of same as No. 111. 


2122.—Frustum of right hyper- 
boloid. 

Representative of same, nearly as No. 
112 and 82. 


2123.—Oblique hyperboloid. 
See “ Key to Ster.,’ page 146. Repre- 
sentative of same, as No. 113. 


124—Frustum of oblique hy- 
perboloid. 

Representative of same, nearly as Nos. 
84 and 114. 


For intermediate diameter or that of 
middle section, see ‘‘ Key to Ster.,” page 
147, 3rd line, or by direct measurement. 


Escept for diameter of middle section, 
same ag No. 112, or the diameter may 
be measured directly. 


Same as No. 113, except for diameter 
of middle section for which see “ Key to 
Ster.,” page 147, line 3, or the diameter 
may be measured. 


Same as No, 114, except for diameter 
of middle section for which see “ Key 
to Ster.,” page 147, line 3, or may be had 
by measurement. 
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5—Hyperboloid wedge or 
ral ungula. 

iler solid to No. 95 of # cone and 
æentative of same objects. 


5.—Ungula of hyperboloid by 
ne through edge of base. 
solid content, treat as prismoid or 
r. 185 of “ Key to Ster.' 


Except for diameter of middle section, 
same as No. 91 or 96. For area of zone, 
88e “ Key to Ster./” page 46 or table IX. 
of same. 


Ite base, a circle ; middle section, the 
segment of a circle; other base, a 
joint. Plane lateral face, an ellipeis, 
its lateral surface of double curvature, 





id similar to No. 93 of cone, or to ss all such figures are not capable of 


117 of paraboloïd. 


1—Frastum of hyperboloid 


ge. 
ilar to No. 116 of paraboloid. Base 
mney stack, ete., resting partly-on 
ed roof. 


3—Ungula of hyperboloid by 
ne through base. 
ilar to No. 118 of paraboloïd. 


)—Frastum of hyperboloid 
ze, or of central ungula of 
rboloid. 

ilar to No. 92 of cone. 


)—A compound solid. Two 
Lfrusta of oone or conolä, 
to base. 

itrative of a keg or caëk, barrel, 
esd, etc., of any size or shape. 

it one-half of solid as Nos. 82, 112, 
ad double the result. 


development, but redacible as required. 


Bases same asin No. 116. Lateral 
a developes into trapesiums by 
lines parallel to bases. For areas of cir- 
cles, segments, sones, 8ee tables of “ Key 
to Ster” 





Bases and section same as No. 118 of 
paraboloïd. See table VII. of “ Key to 
Ster.” for areas of segments. 


Same as No. 92. For areas of circles to 
eighths, tenths, and twelfths, see tables 
IL, IT. end IV. of “Key toSter” For 
area of zone, gee table IX. of same. Le- 
teral surface decomposable into trape- 
siums. 


See “ Key to Ster.” fig. on page 165, 
for mode of measuring half-way diame- 
ter, wben the half solid is not the frus- 
tum of a cone, but that of a conoid orot 
an ellipsoid or spheroid. When ofa cone 
middle diameter equal to arithmetic 
mean of end diameters. 


CLASS XIV. 
Sundry Solids. 


-—Three axed spherolid. 

“Key to Ster” page zxxix. 
w messurement be supposed to lie 
1d on either of its sides or apices. 
resentative of a pebble, a beam, 
e; torpedoe, 8 shell fsb, a fiattened 
äd, etc., etc. 


All its sections, ellipses; aïl its paral- 
lel sections, similar ellipses. For areas 
ofellipses, ‘ Ster,” page 61. Lateral 
area, see general formula, page 96, “ Key 
to Ster” Or, ss with the spheroid, sup- 
pose the surface divided as a melon is 
or orange into ungulse, terminating in 
apices or poles of the fig. 
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allow niche base, it being eagier to &1 
than ellipses. 


dy,acone,  Treat separately as con 
sphere or as segment of sphere, No. : 
roïd Ne. 182. 


r may be. Compute half of solid a 
8. ‘frastam of a half-prolate 
idrical ring, frustum of an elongatod cc 
greater,and may be conceived to bei 
length the middle frastum of an elor 
 circumfer- bent till its ends meet, 


Id: a cy- Forares ‘of sphere or 
»fasphere page 95 “ Key to Ster.;” or 
124, Ex. 3, Areas of cirel 
lomed roof, TL. and IV. of same. Ha 
d ceiling, a ter in segment of circle or 
proportional between abs 
metei 





CLASS XVI. 


rated Spindie, Frusta, Se 
etc. 


Its sections perpendiculai 

à cigar, a cles. Decompose its late 
continuous trapezium 
tor. 


Indlebya  Forsolidity, compute p 
rorfixed dicular to fixed axis,s8 4 

circles, wbile the secti 
canoe, etc. thereto are not 80 readily € 


1dle bya For greater accuracy, d 
ixedaxis. frustum and segment, com] 
»f capacity cubical contents. Aress of 

IL, LIL. and IV, of # Key to 


1 of pro- See page 149 of ‘Key te 

anes per- for lateral surface, page 95 

page 155 ofsame. Bases s 

hogsbesd, oiroles, tables IL., III. and 
Ster.” to Ster.” 
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“ustum of. Bases and 
oles, see pi 

on its side, Lateral surfi 
Compute pesiums. 


2 of pro- Treatasp 

sarallel to double se 
other base ai 

ither sailing areas of whi 
Ster.” 


am of a Its basess 

»sperpen- areas of mb 

r axis of twelfths of in 
gee tables I 

umo. Com- Ster.” 

tre and add Its lateral 
continuow 
equal to len, 
cumference. 


ofelon- Its bases : 
» perpen- areas of whic 
maxis.  38,0r tables] 
adrumor Lateral an 
curved side ir 


pindie or Base and se 

ofslightec 
or tooth of decomposablt 
ing bracket siums and t 


ilatespin- Base and set 

»l bases. cles ; base « 

tam with base of ungu 

ngulabya ungula or 0] 

at of one of teral surfact 
ums, sud al 
Ster.” 


CLASS XVII. 


onts, Frusta and 


‘The opposil 
? ball, the dle section, a 
rerical shot face admits 0: 
1p globe or _into a series € 
ound solid, of the longitu 


EE 
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ets. Solid content may be had by com- 
putiog one of the component ungulae 
and multiplying into the number there- 
of. 


162.—A hemisphere. 

A dome, arched ceiling, globe, shade, 
cover, but, hive, etc. ; reversed : a bowl, 
cauldron, copper, vase, etc. 

Contents more easily computable as 
balf of those of a whole sphere, where 
there is no intermediate diameter to cal- 
culate or measure. 


163.—Segment of a sphere less . 


than a hemisphere. 

Representative of same objects as No. 
162, cover or bottom of a boiler. Solid 
contents also equal to one of the com- 
pounent ungulae into the number thereof. 


164.-—Segment of sphere, great- 
er than a hemisphere. 


spindle, or of double segments of a 
circle, base to base. 

Surface equal to four great circles or 
to four times that of a great circle. 


Its base, a circle; opposite base, a 
point ; its middle section, a cirole, the 
balf diameter of which equals the square 
root of the rectangle under the versed 


and su-versed sines or portions of the dia- 


meter of the sphere. The lateral area 
equal to two great circles of the sphere. 


Base and section, circles ; other base, 
a point; radius of middle section for 
area thereof, equal to root of rectangle 
of parts into which it divides the diame- 
ter of the sphere of which the segment 
forms part. For lateral area see “ Key to 
Ster.,” page 110, or General Formula, 
page 95. 


Its base and section oiroles: other 
base a point; radius of middle section 


Representative of same as No. 162, and the root of rectangle of parts into which 


of a Moorish or Turkish or horse-shoe 
dome. 


165.—-Middle frustum of a 
sphere. 

Base, capital or middle section of a 
column or post, a pancheon, hogshead, 
erusher, roller, Llamp shade, etc., etc. 


166.—Lateral frustum of sphere. 

Base or capital of column, coved ceil- 
ing, cauldron, dish, soup plate, saucer, 
etc. Radii of bases and sections propor- 
tional to square roots of rectangles of 
portions into which such radii or ordin- 
ates divide the diameter of tbe sphere of 
which the solid forms a part. 


167.—Spherical wedge or cen- 
tral ungula of a sphere by planes 
from opposite edges of base of 
bhemisphere to meet in apex. 

Component portion of a compound 
solid. 


it divides diameter of sphere. Lateral 
area, see ‘‘ Key to Ster.,”” pages 117 and 
123. 


Bases, equal éiroles: middle sec- 
tions, a oircle; see tables of areas of 
cireles to eighths, tenths and twelfths of 
an inch or other unity of measure, II., 
III. and IV. of “ Key to Ster.” 


Bases and section, ocircles; lateral 
area resolvable into continuous tra- 
poesiums: or lateral area may be had 
very nearly at one operation, if the frus- 
tum be low or flat and that its lateral 
curvature be not considerable. . 


Its base, a oirole; opposite base, a 
ridge, or axis, or line: middle section, 
the sone of a cirole; its plane faces, 
oiroles: and lateral area resolvable 
into trapesiums and triangles. 
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168.—Frustum of a spherical 
wodge or central ungula betwesn 
paralie]l planes. 

Component portion vf compound 
solid. 


169-—Spherical pyramid, ob- 
tuse-angled and triangular: 

Hlustrative of the tri-obtuse-angular 
spherical triangie, and of the fact that 
the sum of the angles of a spherical tri- 
angle, may reach to six right angles, 
when each of the component angles in- 
creases to 180°. 


170. —Frustum of sphere be- 
twoen nou-parallel bases. 

Elbow or connecting link between 
two portions of a railor bead ; base of a 
vase or other ornament on a raking 
cornice. 


Base, a Giréle : othet base and middle 
section, zones Of ciroles. For areas 
of sones, sæe table IX., “ Key to Ster.” 


Base, a spBeridal triangle having 
three obtuse angles; apex or oppo 
site base, a point; middle section, a 
similar tri-obtuse angular spheri- 
cal triangle, and whose ares is equal 
to one-quarter that of base, its factors 
being balves of those of base, and 4 x } 


=à 


Decompose into frustum and ungula of 
a sphere by a plane parallel to one of 
the bases and pasaing through nearest 
point of other base, or more readily and 
exactly, compute whole sphere, and de- 
duct segment. 


s 


CLASS XVIII. 


Spherioal Ungulae, Sectors, Pyramids and Frusta. 


171.—Quarter-spbere or rectan- 
gular ungula of a sphere. | 
Domed roof to a semi-circular plau, 
vault of the apsis of & church, hend of a 
niche, ‘Key to Ster.,”’ page 111. 
Compute as a whole sphere, and divide 
by 4, or treat as an ungula. See opposite 


par. 


172.—Abute:angled spherical 
ungula. 

Component portion of the ball of a 
vane Ür steeple: natural section of an 
orange, or of a ribbed melon, section of 
a buoy, cauldron, etc., elbow of two 
semi-cylindrical mouldings, etc., at an 
obtuse angle. 


173.—Obtuse-antied üngula of 
a sphere. | | 

Head of niche reaching into a sloped 
ceiling ; elbow of two half-beads at an 
acute angle, etc. 


On its base: one base, a semi-oir- 
ole; opposite base, a point; middle 
section, the segment of a cirole. On 
end : each of ité vpposite bâses, points : 
its middle section, the sector of a oir- 
cle. Only one area to compute, and 
easier and quicker than a segment. 


Its opposite bâses, points ; its middle 
section, the sector of a cirole ; the 
spherical surfate, the component of a 
hollow metallic «r other sphere or spbe- 
rical vessel, or of the covering for a 
racket or other playing ball, ete. 

For spherical area see “ Key to Ster.,”’ 
page 117. | 


Opposite bases, points: middle seo- 
tions, the seotor of a cirole ; its plane 
faces, semi-oiroles. Spherical area, 
page 117 ‘“ Key to Ster.”’ 
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174.-—Spherioal sector or cone, 
or, to avoid computing spherical areas, 
may be treated as a compouud body, 
a oone and the segment of a 
sphere. 

À buoy, a finial or ornament, a top, 
etc., a covered filter. For areas of cir- 
cles see tables II., III. and IV. of “Key 
to Ster.” 


1975.—Frustum of a spherical 
seotor between parallel spberi- 
oal bases. 

Portion of a shell or bomb or hollow 
sphere. To avoid computing spherical 
areas, treat as Frustum of cone, adding 
greater auû deducting lesser segment. 


176.—Hezxagonal spherical py- 
ramid. | 

Îts base illustrative of a spherical po- 
lygon, page 127 of ‘Key to Ster.” 

Component portion of a solid sphere 
or ball; keystone of a vault, finial or 
other ornament ; decomposable for com- 
putation into six equal triangular sphe- 
rical pyramids, “ Key to Ster.” page 
129. See rule for spherical areas at end 
of this pamphlet. 


177.—Prustüum of hextagonal 
spherical pyramid between pa- 
rallei bases. 

Keystone of vault. Componetit por- 
tion of hollow sphere. Surfaces illus- 
trative of similar spherical polygons. 
Height of solid equal slant height 
of side. 


178.—Half-quarter or one-eighth 
of sphere or tri-rectangular sphe- 
riocal pyramid. 

Termination or stop to chamfer où 
angle of wall or piller. 

Compute whole sphere and divide by 
eight. 

179.—Aonte equilateral trian- 
gular spherical pyramid. 

Îts base illustrative of the equilateral 
spherical triangle. 


Its base, a spherioal segment; the 
other base, a point; middle section, a 
spherical segment concentric to the 
base and equal in area one quarter of 
base; its height equal to radius of 
sphere, its lateral face developed, the 
sector of a cirole. See ‘ Key to Ster.” 
page 110. 


Its bases and middle section parallel 
thereto, contentrio and similar 
segments of spheres of corres- 
pending radii. Its height, the length 
of slant side. Solidity also equal to 
difference between whole and partial 
spheriçal sectors. 


Its base, n regular six-sided 
spberical polygon: its middle sec- 
tion a figure similar to the last, and 
equal in ares to one-quarter thereof; its 
opposite base, a point, the centre of 
the sphere of which it forms part. For 
area of base, sce ‘ Key to Ster.' page 
127. For area of component spherical 
triangle of base, see page 123 of same. 
Its plane faces equal sectors of a 
c‘role. 


Îte bases and middie section, similar 
spherical polygons ; factor of mid- 
dle section, as in cpne, an arithmetic 
mean between those of the bases. Ita 
lateral faces, equal frusta of equal 
sectors of a circle, or concavo- 
convezx trapesiums. Ses rule at end 
of this work. 


Its base illustrative of the tri-reot- 
angular spherical triangle, page 
123 of “Key.” 

May compute for solid contents as the 
half of an ungula where only one area 
is required, that of a sector of a circle. . 
See rule at end of this work. 


Base and middle section similar 
equilateral spherical triangles, for 
areas of which, see ‘ Key to Ster.,/’ page 
133, aud rule at end of this work. 


\ 
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180—Frustum of triangular 
spherical pyramid 


Bases and middle section, similer 
spherical triangles whose areas aie 


Tlustrative in its bases of similar as.the sqaares of the corresponding ra- 


spherical triangles. Keystone of a vault 
to a triangular plan. 


dü; or factors of middie section, arith- 
metic means between those of the oppo- 
site bages. 


CLASS XIX, 


Oblate Spheroid, Frusta and Segments. 


181.—Oblate spheroid. 


Treated perpendicularly to its fixed 


Representative, in a less exaggerated axis, its opposite bases are considered 


ratio of its diameters or axes, of the 
earth and planets which are flattened at 
the poles or extremities of fixed axis and 
protuberant at the equator. An orange, 
lamp-sbade, or globe, or bowl. 


182.—Semi-oblate spheroid by 
a plane perpendicular to its fixed 
or lesser axis. 

Elliptical ceiling, dome, cauldron, ba- 
sin, dish, vase, shade, globe, eto. 


183.-—Semi-oblate spheroid by 
a plane parallel to its fixed or 
lesser axis. | 

Dome or ceiling to an elliptic plan; 
glass globe or shade, dish cover, hut, a 
* trougb, cauldron, etc. 


184.—Segment of oblate sphe- 
roid, greater than half by a plane 
perpendicular to fixed axis. 

Turkish, Moorish or horse-shoe dome 
or ceiling ;: a cauldron or copper, etc. 


" 185.— Middle frustum or solid 
sone of an oblate spheroi& be- 
tweon planes perpendicnlar to 
fixed or shorter axis. 

Representative of same ag No. 165. 


points, as in the sphere, a plane touch- 
ing the solid only in:a point : its middle 
section, a circle. If considered parallel 
to its fixed axis, its middle section, an 
ellipsis. For spheroidal surface or 
ares, see No. 161. 


Base, a circle; opposite base, a 
point; middle section, a otrole; for 
diameter of which, if not from direct 
measurement, see “ Key to Ster.,'” page 
139, line 10 and page 149, line 20. 


Equal in area and solid contents to 
No. 182 and of easier and quicker com- 
putation, if considered such, the factors 
being ciroles instead of ellipses. As 
it stands, its base and middle section, 
similar ellipses. 


Its base and middle section, oiroles ; 
opposite base, a point. Spheroidal sur- 
face continuous trapesiums and a 
oirole at apex. For areas of circles, 
see tables IL., III. and 1V. of “ Key to 
Ster.” For factors of middle section, 
see No. 182. 


Opposite bases and middle section, 
oiroles; for areas of circles to eighths, 
tenths and twelfths of an inch or other 
unity, see tables IT., III. and [V. of‘! Key 
to Ster.” Spheroldal area, se page 95 
of same. 
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196. —Midäle frustum or solid 


Its bases and middle section similar 


soue of oblate spheroid by planes ellipses, for areas of which see page 


parallel to fixed or lesser axis of 
solid. 


187.—Segment of oblate sphe- 
roid less than half, by a plaue pa- 
rallel to its fixod or lesser axis. 

BReprescatative of same as No. 183. 


188.--Lateral frustum of oblate 
épberoid by planes parallel to fix- 
od or shorter axis. 

Coved ceiliag of elliptic plan; re- 
versed : a boat, a secow, a vessel of ea- 


pacity, etc. | 


189.—Half or segment of oblate 
spheroid by a plane inclined to 
axis of solid. 

Liquid or fluid in a semi-epheroidal 
vessel inclined from the vertical. Finial 
on s pediment or sloped surface. 


190.—Frustum of oblate sphe- 
roid between non-parallel bases. 
Decompose into a frustum with 
parallel bases, and an ungula by a 
plane parallel to one base and drawn 
through nearest point of other base, or 


61 of “ Key to Ster.”’ Spheroidal area, 
page 95 of same. 


Its base, an ellipsis ;opposite base, a 
point; middie section, an ellipsis si- 
milar to base, For factors of middle 


” section, see No. 182. 


dé 


Its opposite parallel bases and middle 
section, ellipses, for areas of which see 


4 Key to Ster.,” page 61. 


Its spheroidal surface decomposable 
into continuous trapesiurms of vari- 
able height. 


[ts base and middle section, similar 
ellipses; its opposite base, a point ; 
its spheroidal surface, trapesiums, 
with ellipsis at apex and a ourvili- 
near triangle at base of shape similar 
to fig. h, page 57 of ‘ Key to Ster.,” or 
lateral area may be divided and com- 
puted as triangles. 


Bases and middle section of compo- 
nent frustum with parallel bases, ellip- 
s0s ; base of ungula, an ellipais ; mid- 
dle section of ungula the segment of 
an ellipais ; its other base, a point. 

For factors of middle sections, see 


eompute whole spheroid and deduct seg- “ Key to Ster.,’ page 139, line 10, and 


ments. 


page 140, line 20, where AB : CD: : 
1/20.0B : oM and CD : AB: : VCo.0oD 
: 0. 





CLASS XX. 
Prolate Spherold, Frusta and Segments. 


191-—Prolate spheroid. 

Representative of a lemon, melon, cu- 
cumber, etc. ; a case, sheath, etc. 

The work of computation expedited 
by troating circles instead of ellipses, 
that is, areas perpendicular instead of 
parallel to fixed axis. 


Its middle section perpendicular to 
fixed or longer axis, a circle ; its oppo- 
site end bases, points. Spheroidal sur- 
face, continuous trapesoids, or a 
series of double segments base to 
base as the component ribs of a melon. 
May treat as plane segment with length 
of cord equal to semi-elliptical section. 
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192.—-Séeri-prolate spheroid by 

ä plane parallel to fixed axis. 
aulted œiling to elliptic plan: re- 
versed : a boat or other sailing vessel, a 
cauldron or vessel of capacity, etc., ete. 


193.—Semi-prolate spherotd by 
a plane perpendicular to fixed 
axis. 


À hive, but, roof or dome to circular 


tower or apartment ; reversed : a copper 
or boiler. 


194.—Segment of prolate sphe- 
roid greater than half, by a plane 
perpendioular to fixed axis. 

À hut, bive, dome, a cauldron or cop- 
per, etc. 


195.--Middle frustum or solid 
sone of prolate spheroiä by paral- 
lel planes perpendicular to fixed 
axis. 

A cask, keg, barrel, puncheon, hogs- 
head, ete., “ Key to Ster.,” page 138. 


196.— Middle frustum or solid. 


£one of prolate spheroid by pa- 
rallel planes oblique to axis. 


197.—Lateral frustum or solid 
gone of prolate spheroid by 
planes perpendicular to fixed 
axis. 
. . Coved ceiling, base of column, etc. ; 

reversed : capital of column, dish, basin, 
bowl, tub, hamper or basket, stew pan, 
cauldron or other vessel of capacity, 
etc., etc. 


198.—Lateral frustum or solid 
gone of prolate spheroid by 
planes parallel to each other, and 
to longer or fixed axis. 

Coved ceiling of elliptical plan, etc. ; 
reversed : a flat-bottomed boat, a scow, 
a dish, basket, etc., etc. 


For solid contents and spheroidal sar- 
face treat perpendicular to fised axis 
where factors are ciscles or semi- 
ciroles instead of ellipses. For areas 
of circles, see tables IE, IT. and IV. of 
4 Key to Ster.” 


Base, a circle ; other base, a point ; 
middle section, a oircle. For radius of 
middle section, see formula given in No. 
190, or at page 139, line 10, page 140, 
line 20 of “ Keyto Ster.”’ Spheroidat 
area, see No. 191. 


Base and middle section, circles : ite 
other base, an apex or point. its sphe- 
roidal surface resolvable into continu- 
ous trapeziums and a cirole at apex. 


End bases, equal circles ; middie 
section, a circle. Unlike the middle 
frustum of a spindle, the solid contents 
of this solid are obtained exactly by 
treating the whole figure at once. 


Opposite bases and middle section, 
similar ellipses. Spheroidal surfaee, 
trapesiaoms of which take mean 
height. 


Bases and section, oiroles, for areas 
of which see tables II. IIL and IV. 
“Key to Ster.” For diameter of middle 
section, measure solid or,compute by for- 
mula of page 139, line 10; page 140, 
line 20, where it is shown that the rect- 
angle under the required radius, and 
either axis of the spheroid is equal to 
that under the square root of the rect- 
angle or product of the abscissæ of the 
first axis and the other axis. 


Its parallel bases and middle section, 
similar ellipses; for areas of which 
see ‘ Key to Ster.,’ page 51. Its lateral 
area resvlvable into continuous tra- 
pesziums of varying héight if parallel 
to bases, but of uniform height, if lines 
be drawn from extremities of fixed axis. 
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199.—Segment of prolate sphe- Its base and middle section, similar 
roid by a plane inclinedto axis. ellipses; its other base, a point; its 
Liquid in spheroidal vessel inclined spheroidal surface resolvable by circles 
from the vertical, a scoop, scuttle, etc.  drawn from ettremity of fixed axis into 
a circle, trapesiums and triangle. 


200.—Frustum of prolate sphe-  Decompose into frustum with parallel 

roid between non-parailel planes. bases, and an ungula. Compute separ- 

The one, perpendicular to fixed axis, ately, and add ; or compute whole seg- 

tbe other oblique or inclined thereto. ment due to frustum and deduct lesser 
. segment. | 


The areas of Spherlcal Triangles and Polygons to 
any radlius or diamèter. 





The following will be found a new, easy and concise rule 


Bx Me. C. BAILLARGE, 


for finding the area of any spherical triangle, or of a triangle described on the sur. 
face of a sphere of any given diameter. 


The area of a sphere to diameter I. being = 3.141,592,653,589,793+ 
Dividing by 2, we get that of the hemisphere = 1,570,796,326,794,896,5 
This divided by 4 = area of tri-rectgl'r sph. triangle = 0.392,699,081,698, 724,1 
+ 90 = area of 1° or of bi-rect. sph. tri. with sp.ex.= 1° — 0.004,368,323,129,985,8 


+ 60= 4 ofl'orof  “#  “ si ‘= 0.000,072,722,062,166,43 
+6@0=4 ofl”orof ‘“ ou 4 1" =0.000,001,212,034,202, 77 
+10= 4 of0.1"orof “# 4° 0.1" =0.000,000,121,203,420,277 
+10 = 4 of0.01orof # “4 “_0.01° —0.000,000,012,120,342,027,7 
+10= 4“ 0f 0.001" orof # # ft ‘0.001 —0.000,000,001,212,034,202, 77 


Find the spherical excess, that is, the excess of the sum of the three spherical 
aagles over two right angles, or from the sum of the three spherical angles deduct 
180. Multiply tbe remainder, that is, the spherical excess, by the tabular number 
herein above given : the degrees by the number set opposite to 1°, the minutes by 
that corresponding to 1° and 80 on of the seconds and fractions of a second ; add 
these .areas and multiply their sam by the square of the diameter of the sphere of 
the surface of which the given triangle forms part, the result is the area required. 


EXAMPLE. 


Let the spherical excess of a ‘triangle described on the surface of a sphere of 
which the diameter is an inch, a foot, or a mile, etc., be 3° — 4 — 2.235/. What 
is the area ? 
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Area of lo = 0.004,363,323,129,985,8 x Bo = 0.013,089,969,389,958 
WU 1° = 0000,072,722,052,168,43 X 4°  — 0,000,290,888,208,684 
“1 = 0.000,001,213,034,203, X 2° = 0.000,002,424,068,404 
“  0.1* = 0.000,000,121,203,420, X 0.2“ = 0.000,000,242,406,840 
&“ 0.01 = 0.000,000,012,120,342,  X 0.03 = 0.000,000,036,361,026 
4 0.001: = 0.000,000,001,213,034,  X 0.005" = 0.000,000,006,060, 170 


Area required 0.013,383,566,4956, 059 


The answer is of course in square units or fractions of s square unit of the same 
name with the diameter. That is, if the diameter is an inch, the area is the frac- 
tion of a square inch ; if a mile, the fraction of a square mile, and s0 on. 

Remark.—If the decimals of seconds are neglected, then of course the operation 
is simplified by the omission of the three last lines for tenths, hundredths and 
thousandths of a second or of so many of them as may be omitted. 

If the seconds are omitted, as would be the case ia dealing with any other trian- 
gle but one on the earth's surface, on account of its sise ; there will in such case 
remain only the two upper lines for degrees and minutes, which will prove of 
ample accuracy when dealing with any triangular space, compartment, or com- 
ponent section of a sphere of the sise of a dome, vaulted ceiling, gasometer, or 
large copper or boiler, etc. ; and in dealing with such spheres as a billiard or other 
playing ball, a cannon ball or shell, the ball of a vane or steeple, or any boiler, 
copper, etc., of ordinary size, it will generally suffice to compute for degrees only. 
Whence the following. 





Ruzz to degrees only 


Multiply the spherical excess in degrees by 0.004,363 and the result by the square 
of the diameter for the required area, For greater accuracy case—0.004,363,3253. 


Ruzz to degrees and minutes. 


Proceed as by last rule for degrees. Multiply the spherical excess in minutes by 
0.000,073, or for greater accuracy by 0.000,072,722. Add the results, and multiply 
their sum by the square of the diameter for the required area. 





EXAMPLE I. 
Sum of angles 140° + 92° + 88° = 300 ; 300 — 180 = 120° spherical excess, dia- 
,meter = 30, page 124 of “Key to Ster.’ Answer area of 1° 0.004,363 
Maultiply by spherical excess 120° 
We get 0.523,560 
This multiplied by square of diameter 30 = 900 
Required area = 471.194,000 


À result correct to units and agreeing therefar with the answer given in the 
“ Key,” which is 471.24 If now greater accuracy be required, it is to be obtain- 





ed by taking in more decimals, thus, say area 1° = 0.004,363,323 
120 

0.533,598, T60 

g 800 


#1.238,884 000 
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EXAMPLE II. 


“Key to Ster.” page 124 The three angles each 120°, their sum 360, from 
which deducting 180° we get spherical excess = 180, Diameter 20, of which the 
equare — 400. 

ANSWEF res sers srse ssnvene sonsnseeseesecos esse ATCR TO 1° = 0.004,363,323 
180 


0.786,398, 140 
400 


Answer in ‘ Key” 314.16 “.  314.159,256,000 


EXAMPLE III. 


See example 4, page 125, ‘‘ Key to Ster.”’ The sum of the three angles of a tri- 
angle traced on the surface of the Terrèstrial sphere exceeds by (1) one 
second, 180; what is the area of the triangle, supposing the earth to be a perfect 
sphere with a diameter — 7,912 English miles, or, whicb is the same thing, that 
the diameter Terrestrial spheroïid or of its osculatory circle at the given point 
on its surface be 7,912 miles. 





Auswer. Area of 1° to diameter 1. —  (0.000,001,212,034,202 
Square of diameter 62,698, 744 
76.871,818,730,242,288 : 


The answer in the ‘“ Key,” is 75.87321 square miles, which is only correct to the 
second place of decimals from having assumed x = 3.1416, instead of, as it should 
be for greater accuracy, 3.141,592,653,589,793, etc. 

Remark.—This unit 75.87 etc. as applied to the Terrestrial sphere, as explained 
page 125, par. 166 ot ‘* Key to Ster.” becomes a tabular number, which may be 
used for computing the area of any triangle on the earth's surface, as it evidently 
suffices to multiply the area 75.87 etc., corresponding to one second (1) by the 
number of seconds in the spherical excess to arrive at the result ; and as also stated 
in “ Key” the result may be had true to the tenth, thousandtb, or millionth of a 
second, or of any other fraction thereof, by successively adding the same figures 
75°78 etc., with the decimal point shifted to the left one place for every place of 
decirmals in the given fraction of such second : the tenth of a second giving 7.578 
etc., square miles, the 0.01" — .7578 of a square mile, the 0.001* = .07578 etc., ofa 
square mile, and 80 on ; while, by shifting the decimal point to the right, we get suc- 
cessively 10° = 757.8 square miles, 100" — 7578: etc., square miles, or 1° — 75.78 

X 60°, 1° = 75.78, etc., X 60° X 60°. 


Ruiz. 


To compute the area of any spherical polygon. 

Divide the polygon into triaugles, compute each triangle separately by the fore- 
going rules for triangles and add the results. 

Or, 

From the sum of all the interior angles of the polygon subtract as many times two 
right angles as there are sides less two. This will give the spherical excess. This. 
into the tabular area for degreé, minutes, seco:.ds and fractions of a second, as 
the case may be, and the sum of such areas into the square of the diameter of the 
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sphere on which the polygon is trad will give the correct area of the proposed 
figure. 

Frot exkmple ses paye 128 of" Keÿ to Stèr.” 

Et may be remmèrked here that the atéa of a spherical lune or the convex shtface 
of a spherical unguls is equal to the tabular number into twice the spherical excess 
since Ît is evident that every such lune is equivalent to two bi-rectangular spheri- 
cal triangles of which the angle at the apex, that is the inclination of the planes 
forming the ungula, is the spherical excess. . 

Rawtifr,—fhé area found for any given spherical excess, on a sphere of given 
diametér, may be reduced to that, for the same spherical excess, on a sphere of any 
other diameter ; these areas being as the squares of the respective diameters. 

The area fourid for any given spherical excess on the earth’s surface, where the 
diameter of the osculatory circle 1s supposed to be 7912 miles, may be reduced to 
that for the same spherical excess where the osculatory circle is of di t radius ; 
these areas being as the squares of the respective radii or diameters. 

N.B. The “ Key to Ster.” also sets forth how the converse operation is per- 
formed of obtaining the spherical exvess from the area. 
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BAILLAIR( 


New system of detern 
(Extra 


Mr. Baillairgé’s lecture on Wednesday eveuing la 
before the Literary aud Historical Society of Quebee, pr: 
ved once more huw very interesting, even in a popul: 


sense, au otherwise dry and abstruse subject, may b 


come, when ably haudled. 

The lecturer showed the relationship of geounetry to : 
the industries of life. He traced its origin from remo 
antiquity, its gradunl developeineut up to the prese 
time. He showed how it isthe basis of all our publ 
works, and how we are indebted to it for all the constru 
tive arts ; its relationship to mechanics, hydraulics, optic 
aud all the physical sciences. ‘The fuirer portiou of ina: 
kidd, said Mr. B.. have the keenest, most ‘uppreciati: 
perception of its advantages aud benuties, 18 evideucei 
the ever-varyiug combiuations 80 cunuiugly devised 
their designs for needle tracery, laces aud embroidery. 1 
showed its relationship to chemistry in erystallization at 
polarization ; to botany aud zuology iu the laws 
norphology ; to thevlogy, and so ou. [u treating oft 
cirele and other conic sections, he drew quite a poetic 
comparisou between the eugineer who traces out his curv 
amoug the woods aud waters of the earth, and the astr 
noner who sweeps out his inighty cireuits ainidst t 
starry furests of the henaveus. Theo paraboln was ful 
illustrated iu its application to the throwiug uf projectil 
of war, also as evidenced in jets of water, the speaki 
trumpet, the mirror and the reflertor, which, in ligl 
houses, gathers tho rays of light, as it wore, iuto a bund 
and seuds then forth together on their erraud of humawii 
In treatiog «f tho ellipse, this almost magie eurve whi 
is tracod out in the heu vens by every planet that revolv 
about the sun, by every satellite about its primary, 
alluded to that most beantiful of all ovals—the face 
lovely woinan. Ile showed how tho re-appenrance o 
comet may now be predicted even to the very day 
heaves in sights, and though it has beeu absent for a ce 
tury, and how in former ages, when these pheuume 
were unpredicted, they burst upon the world in une 
pected moinents, carrying terror everywhere and givi 
rise to the utinost anxicty and consternation, as ifthe e 
of all things wère at hand; in a word, Mr. Buillair 
went over the whole field of geounetry and mensuratic 
both plane and spherical ; a difficult feat within the lim 
of a single lecture ; and kept the audience, so to suy, € 
tranced with interest for two whole hours, which the p: 
sident, Dr. Anderson, remarked : were to hün as buton 
and no doubt it must have been so to others, since À} 
Wilkie, in seconding the vote ofthanks proposed by Ca 
Ashe, alluded to the pleasure with which he had lister 
to the lecture as if, he saïd, it were like poetry to hi 
instead of the unpromising matter foreshadnwed in 1 
title. Mr. Baillairgé next explaiued ia detail his sters 
metrical tablenu, which we hope to see soon introduc 
into all the schools ofthis Dominion. He showed how « 
ducive it will be in shortening the time heretofure devoi 
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HonoRARY MEMBER OF THE 
New system of measuring all bodie: 


Thirteen Medals of honor and Seventeen Diploma 


This is a Case 5 feet long, 3 feet wide and 
exhibiting and affording free access to som: 200 
form, each of which being merely attached to the : 
Student or Professor. 


The use of the ‘Tablean 
and accompauying Treatise, 
reduces the whole science = 
and art of Meusuration from —- == — 7 mIn | 
the study of a year to that (Pour srourarlerolume “IE CTERE 
of a day or two, aud s0 sim- corps T2 des  Breveté au CA? 
plifies the study aud teaching |'RÈGLE : à la SO ÉIUi TES et 


des 
of Solid Geometry, the No- || SMS, sjonter quatre 





iuenclature of Geometrical || foisla surface fu ceutrn Membre ‘litul 
aud other forms, the develope- es Aer TR TES bau- Vui Franc! 
meut of surfaces, geometri- ur ou longueur du sviide: 

 — 


cal projection and perspect- 
ive, plane and curved areas, 
Spherical Geometry and 
Trigouometry, aud the men- 
suration of surfaces and 
solids, that tho severnl 
branches hereiubefore men- 
tioned may now bo taught 
even in the most elermentary 
schools, and in convents, 
where such study could nat 
even have been dreamed of 
heretofure. 


Each tableau is accompa- 
uied by a Trentise explana- 
tory of the mode af ineas- 
uremeut by the ‘ Prismoïdal 
Eormula, and an explana- 
tion of the solid, its nature, 
shape, opposite bases, aud 
middle section, its lateral 
surface developed, etc. 

Agents wanted for the sale 
of the Stlereometricon in Ca- 
nada, the United States, &e, 





For the use of Architects, Engineers, Survey 
Mathematics, Universities, Colleges, Seminaries, ( 
Measurers, Gaugers, Ship-builders, Contractors, A 
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Cotmprises 200 Solids representative of all conceivable elernentary forms, as of 
the Component parts of Compound bodies. . 


Nuine and description of each solid. What it is representative or suggestive uf, 
or that of which it furins a coinponeut part. 


Nature and name of opposite bases and of iniddle geetion, as of lateral faces 
aud remaiuder of boundiug Area, including every species of Plune, 
Spherical, Spheroidal, aud Conoidal figures. 


Division I, classes I to X : plane faced Solids and Solids of single carvature. 
Division IL, classes XI to XX : Solils of double curvature. 


QUEBEC 
PRINTED BY C. DARVEAU 


1881 


INDEX 


The Stereometricon : nomenclature and general feature of each of the 
200 solids on the board ; seo tho diagram nt the beginning of this 
pamphlet 


The Areas of Spherical Triangles & Polygons to any radius or dia- 
meter : a paper read before the Roy al Society of Canada in 1833. 


On the general application of the prismoïdal formula : n paper rend be- 
force the Royal Society of Canada in 1832........................ 


TABLES 


I. Squarcs and Square Roots of nnmbers from 1 to 1600............ 


IL. Circumferences and areas of circles of diameter ;4 to 159, advau- 
cing by... .ommsssnemcnsressomssmccssosmses conso 


III. Circumferences aud arens of circles of diameter ;!, to 100, advan- 


Cing DY pge-cmommmmnnsssmsosmmnnnsses emonsnmsnssnmsnmr sen 
IV. Circumferences and areas of circles of diameter 1 to 50 feet, ad- 
vancing by L'inch or gg...sssne vussccmncsmonmsmsoscsscnonses es 


V. Sides of Squares equal in area to a circle of diameter 1 to 100 ad- 
vancing Lby +... ,...ensmcsmcconsencucmcssemmmssmcmmessusee 


VI. Lengths of circular arcs to diameter 1 divided into 1000 equal 


VIL Leugths of semi-elliptic arcs to transverse diameter 1 divided 
into 1000 equal parts................ cms. somme 


VIIL Areas of the segments of a circle to diameter L divided into 
1000 equal parts......... nm tonscmmmsnsemmenmnnmssemsmnmsnse 


IX. Arens of the zones of a circle to diameter 1 divided into 1000 
equal parts... sommommomssmenenessssssmsssssuse co... 


X. Specific gravities or weights of bodies of all kinds : solid, fluid, 
liquid aud gazeous ..... css. connmnssmnssmnmsssssemeneses se 
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THE STEREOMETRICON 


ORIGINATOR : C. BAILLAIRGÉ, M S. 


Member of the Society for the Generalisation of Education in France and of several learned 
and scientific Societies: Chevalier of the Order of St Sauveur de Monte. Reale, Italy ; 
Fellow of the Royal Society of Canada, etc., etc., etc. 


Measurement of all solids by one and the same rule. 
Universal application of the prismoïdal formula. 


TLirteen Medals and seventsen Diplomes and letters awarded the author, 
from France, Russia, Italy, Belgium, Japan, etc. 
Prouorse: THOMAS WHITTY, professor at St. Denis Academy, Montreal, etc. 


RULE: To the sum of the opposite and parallel end areas, add 
four times the area of a section midway between and parallel to the 
opyposite bases; multiply the whole by & part of the length or height 
or diwmeter of the solid, perpendicular to the bases ; the result will be 
the solidity or volume, the capacity or contents of the body, figure or 
vessel under coneideration. 


For application of the rule and examples of all kinds fully worked 
out, see “ Key to Stereometricon.” 


For areas of all kinds, plane, and of single and double curvature, 
see also “Key to Stereometricon,” with tables of areas of cireles to 
eighths, tenths and twelfths of an inch, or of any other unit of measure, 
tables of segments and zones of a circle, etc., ete, at end of “ Key.” 
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The tablean comprises 200 models, disposed in 10 horizontal and 
20 vertical rows, series, families or classes. The solids may be indif- 
ferently placed, and nurbered from the right or left and from below 


upwards or the contrary. 


The solids are representative of all conceivable elementary forms and 
figures, as of the component parts of all compound bodies. 


DIVISION I. 


Plane faced solids and solids of single curvature, or of which the 
surfaces are capable of being developed in a plane. 


CLASS L 


Prisms. 


Nors.—The author uses the term ‘‘trapezium ’’ and not ‘‘trapezoid,’’ as the termination 
‘oid *” conveys the idea of a snlid as paraboloid, hyperbol id, conoïid, prismoid, etc, 
For the same reason he uses the French ‘‘trapeziform”’’ instead of trapezoidal. 


Name of solid, object of which it . 


is representative or suggestive, or 
of which it forms a component part, 
Reference to “ Key to Stereome- 
tricon,” for computation of contents 
and of factors necessary thereto. 


1—The oube or hexaedron — 
one of the five platonic bo- 
dies 
Representative of any other rec- 
tangular prism, of a building or 
block of buildings or of one of the 
component parts thereof ; a brick ar 


Nature and name of opposite bases 
and middle section, lateral faces 
and remainder of bounding surface. 

Reference to page or paragraph of 
“Key” for calculation of areas and 
of factors necessary thereto. 


Each of its three pairs of opposite 
and parallel faces or of its six faces 
or bases and middle sections, per- 
fect and equal squares. For de- 
veloped surface. See “Key to Ster.,” 
page 131. 

Representative of the floor, ceiling, 
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cut stone, a pedestal, a die or dado; 
a pier or quay; a box, chest, pack- 
age of merchandise or parcel; a 
cistern, bin, vat or other vessel of 
capacity; a pile of bricks, stones, 
lumber, books, etc., etc., etc. 

“ Key to Ster.,” p. 61, par. (78). 


2—A right isosceles triangular 
prism 
On end, a triangular block or 
building ; on its base, a ridge roof; 
on one of its sides, the roof of a pent- 
house or lean-to. “Key to Ster. p. 61. 


8—A right regular pentagonal 
prism. 

On end, the base or component 
part of the shaft of a pentagonal pier 
or column; on one of its sides, a 
baker’s, butcher’s or other van; an 
ambulance, etc. “ Key,” page 61. 


4—A right regular octagonal 
prism. 
Base or shafñft of a column, a pier 
or post, a bead, baluster, hand-rail, 
etc. “Key to Ster., ” page 61. 


5—Oblique hexagonal prism. 
An inclined post or strut or the 
section of a stair-rail, a baluster on 
a rake, etc. Mitred section of a rail 
or bead. “Key to Ster,,” page 64. 


wall or partitions of a rectangunlar 
room or apartment, or of the bases 
and sides of the various objects 
mentioned under the name of the 
solid. 

See “ Key to Ster.,” page 60. 


Its opposite and parallel bases 
and middle section, equal right- 
angied isosceles triangles. Îts 
sides or lateral faces rectangles. 
For areas, see “ Key to Ster.,” pages 
19, 22 and 60. Sides suggestive of 
those of objects alluded to. 


Its opposite and parallel bases and 
middle section, regular and equal 
pentagons: sides or lateral faces, 
rectangles. 

Areas suggestive of those of ob- 
jects mentioned in adjoining co- 
lumn. “Key,” pages 35 and 19. 





Its parallel and opposite bases and 
section, regular and equal octa- 
gons ; its sides or lateral faces, reo- 
tangles. “Key,” pages 36, 19. 


Its parallel bases and section, 
symmetrical and equal hexa- 
gons ; its sides, parallelograms. 
“Key,” pp. 26, 19 and 63. compute 
balf of sym. hex. as a trapezium. 
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6—Oblique rectangular prism. 
On end, au inclined strut or post, 
etc; on its parallelogram base, the 
pier of a skew bridge, portion of a 
mitred fillet, etc. 
See ‘ Key to Ster.,” page 64. 


Two of its three pairs of opposite 
and paralled faces or bases and 
sections, equal rectangles ; tbe 
other bases and section, equal pa- 
rallelograms. “ Key,” page 65. 





"7—Oblique prism or parallelo- 
pipedon. | 
Section of mitred fillet on an in- 

clined or oblique surface, etc. 


Each of its three pairs of parallel 
faces or bases and sections, equal 
parallelograms. 





8—A righ rectangular trapezi- 
form prism, or a prism of 
which the base or section is 
a rectangular trapezium, 

On end, a pier or block of that 
shape ; on its larger parallel face or 
base, the partially flat roof of a 
pent-house or lean-to the base of a 
rectaugular stack of chimneÿs on à 
sloped roof or gable, à corbel, etc. 
See “ Key to Ster.,” page 61. 


Its opposite and paraîlel bases 
and section: on end, equal rec- 
tangular trapeziums ; its lateral 
faces, rectangles; on either of its 
parallel sides or faces: its bases, 
rectangles ; its lateral faces, rec- 
tangles and trapeziums See 
“Key to Ster.,” pages 60 and 29. 

May be treated indifferently as 


a prism or prismoid. 


RÉ 


9—A right trapeziform prism. 
On end, the splayed opening of 
a door or window or loop-hole in a 
wall; on broader base, a partially 
flat roof ; on its lesser parallel base, 
a bin or through or other vessel of 
capacity, section of a ditch excava- 
tion orofa railroad embankment on 
level ground, a scow OF pontoon. 


On end, its bases and section, 
trapeziums, and sides, rectan- 
gles ; on either ofits parallel faces, 
its bases and section, rectangles ; 
its sides, rectangles and trape- 


‘ Ziums. 


N. B.-Its solid contents, like 
those of Nos. 2 and 8, may be com- 
puted either as prisms or prismoids. 


ES 


10—A right or oblique polygo- 
nal compound prism, decom- 


Rule for solid contents: multiply 
one-third the sum of the three vert- 
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posable into right or oblique 
triangular prisms or frusta of 
prisms 

An excavation or filling, etc. 

À spoil bank or a borrowing pit. 

Each frustum or component part 
may be treated as a prismoid, one 
of its sides being the base. 


ical edges or depths of each of the 
component triangular prisme, or 
frusta of triangular prisms by the 
area of a section perpendicular to 
sides or horizontal, and add the 
results. Page 67, rule IL, “Key.” 


CLASS IL. 


Prisms, Frusta and Ungulae of Prisms. 


11—A right regular triangular 
prism. 

On end, a triangular building, 
pier or block ; on one of its sides, the 
gable of a wall, the roof of a gabled 
house, etc. 

“Key to Ster.,” page 61. 


12—Lateral wedge or ungula 
of a right hexagonal prism, 
by a plane through edge of 
base, 

Portion of a mitred bead or hand- 
rail end of stair baluster under 
band-rail, ridge roof of an octagonal 
tower against a wall; base of a 
chimney stack on a sloped roof or 
gable. 


Its parallel bases and section, 
equal equilateral triangles ; its 
faces, rectangles. (Compute as 
prismoid with rectangular bases, 
the upper base then being an arris 
or line. 


One of its parallel bases a regu- 
lar hexagon ; its middle base g 
half hexagon or trapezium ; its 
upper base a line ; its lateral faces 
a line, a rectangle, triangles and 
trapeziums ; its sloped face a 
symmetrical hexagon or 2 
trapeziums, base to base, 
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13—-Lateral ungula of a right 
hexagonal prism, by a plane 
through opposite angles of 
the solid. 

Base of a chimney stack, vase or 
ornament on a sloped roof or gable, 
etc. 
N. B.—This solid and the last, 
are not prismoids according to the 
definition thereof, page 163, par. 
(206), “Key to Ster. ;” but the up- 
per half, folded over and applied to 
the lower half, evidently completes 
the prism, and hence the solidity is 
exactly obtained by the prismoidal 
formula, as it is of a like frustum of 
a cylinder or of an ungule thereof 
by a plane through edge of base. 


14—Oentral wsdge or ungula 
of a right hexagonal prism; 

a prismoid. 

A wedge, the ridge roof of a 
tower, the base of a chimney stack, 
vase or ornament between two 
gables. 


15—An oblique trapeziform 
prism. 

The partially flat roof to a dormer 
window, the rnof of a building abut- 
ting agaiast another ronf, the splay- 
ed opening of a hasement window, 
mitred portion of a batten or moul- 
ding, section of a ditch excavation, 
or of an embaukment on a slope. 


One of its opposite and parallel 
bases, a regular hexagon, the 
other, a point ; its middle section 
a half hexagon or two rectan- 
gular trapeziums base to base ; 
its lateral faces, trapeziums and 
triangles ; its plane of sectiun, a 
symmetrical hexagon, which, 
for area, regard as two equal tra- 
peziums base to base, compute and 
add. 

See “ Key to Ster.,” page 29. 

Or the symmetrical hexagon may 
be decomposed into a rectangle and 
two equal triangles, for computa- 
tion of area. 


One of its parallel bases, a hexa- 
gon ; the other, a lin® ; its middle 
section, a symmastrical hexagon 
or two trapeziums, base to 
base ; its lateral faces, triangles 
and trapeziums. 

See “ Key to Ster.,” page 29. 


Treated as a prismoid: its oppo- 
site and parallel bases, unequal 
rectangles ; its lateral faces, tra- 
peziums. 

The factors of its middle section 
arithmetical means between those 
of its opposite and parallel bases, 
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16—An oblique triangular 
prism. 
The roof of a dormer window or 
of a wing to a house with a sloped 
roof, a mitred moulding or fillet, etc. 


17—Frustum of a right trian- 
gular prism. 
Ridge roof of a building against 
a wall, a mitred moulding, etc. 


18—Irregular frustum of an 
oblique triangular prism. 
Ridge roof of a building of irre- 

gular plan abutting on the unequal- 


1ÿ sloped roof of another building, 


etc. 


19— A right prism on a mixti- 
linear base. 
On end, the unsplayed opening 
of a door or window in a wall, etc. 
Note, for area of segment of cir- 
cle or ellipse, “ Key,” pages 33, 44, 
51, 53, 67, tables IL IIL IV, VIII. 


20—Regular frustrum of an 
oblique triangular prism. 
À ridge roof, mitred fillet, etc. 


Treated as a prismoid : one of 
its opposite and parallel bases, a 
rectangle ; the other, a line ; its 
lateral faces, equal triangles and 
parallelograms. 


As a prismoid : one of its parallel 
bases, a rectangle ; its opposite 
base, a line ; its middle section, a 
rectangle. 


Considered as a prismoid : one 
base, a trapezium, the other, a 
line ; its middle section, a trape- 
zium ,; its ends, non - parallel 
triangles ; its sides, trapeziums. 


Parallel bases and section mix- 
tilinear figures, decomposable 
into a rectangle and the segment 
or half of a circle or ellispis ; the 
lateral face, a continuous rect- 
an ;le. 

Note.—The segment of a circle 
or ellipse may be equal to, less or 
greater than a semi-circle. 


As a prismoid: one base, a 
rectangle ; the other, a line; 
the middle section, a rectangle. 
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CLASS III. 


Frusta of Prisms, Prismoids, Wedges, 


21—The dodecahedron, or 
twelve-sided solid, one of the 
five platonic bodies. 
Assemblage of twelve equal py- 
ramids with pentagonal bases, their 
apices or summits meeting in the 
centre of the solid or of the cir- 
cumascribed sphere. 
The capital or intermediate sec- 
tion of a pentagonal shaft or column, 
a finial or other ornament. 


29 — A rectangular wedge, the 
head or heel broa:te: than 
the blade or edge. 
Thefrustum of atriangular prism, 

or may be treated as a prismoid, 

using either of its three pairs of 
parailel bases, 

‘ An inclined plane, a low pent 
roof, an ordinary wedge, etc. 


23 - A rectangular wedge or 
inclined plane, the head or 
heel of equal breadth with 
the edge or blade, 

A right triangular prism, body 
of a dormer window or base of a 
chimney stack on a low or steep 
roof, etc. 


The six pairs of parallel bases or 
twelve component faces of the solid, 
equal and regular pentagons : 
the middle section a regular 
decagon, the side of which is 
equal to half the diagonal of the 
pentagon, tor area of which see 
“ Key to Ster.,” page 36, rule II; 
or compute one of the component 
pyramids and multiply by twelve. 
For developed surface, see “ Key to 
Ster,” page 132. 


On end : its opposite and parallel 
bases, a rectangle and a line ; its 
middle base or section, a rectangle. 
On one of either of its other two 
pairs of parallel bases ; one base, a 
trapezium, the other, a line ; the 
middle section a trapezium ; side 
faces, a rectangle and triangies. 


Each of its three pairs of parallel 
bases, a rectangle und a line ; its 
middle sections, rectangles, res- 
pectively equal to half the corres- 
ponding bases. May also be treated 
as a triangular prism, with bases 
and section equal triangles. : 


24 - An isosceles wedge, the 
edge or blade broader than 
the heel. 

May also be considered, the frus- 
tum of a triangular prism or pris- 
moid with three pairs of parallel 
bases. 


25—Frustum of a right rec- 
tangular trapeziform prism, 
or a prismoid. 

A roof, partially flat, abutting 
against a vertical wall at one end 
and in rear, against a sloped roof 
at the other, etc. 


26—Irregular frustum of an ob- 
lique trapeziform prism. 
A roof between two ovhers not 
parallel, irregular section of a ditch 
or embankment. 


27—Frustum of a right isos- 

celes trapeziform prism, a 

prismoid. 

On its larger base, a roof, section 
of an embankment, etc.; on its 
lesser base, a bin or vessel of ca- 
pacity ; the capital of a pilaster, a 
corbel ; on end, a splayed opening 
in a wall 


As a prismoid : one of its pairs of 
parallel bases, a rectangle and a 
line ; middle section, a rectangle ; 
each other pair of parallel bases, a 
trapezium and a line ; middle sec- 
tion, a trapezium. 


As a prismoid : its opposite and 
parallel bases, rectangles ; the 
longer side of the one corresponding 
to the shorter side of the other ; its 
middle section, a rectangle ; all 
its lateral faces, trapeziums. 


As a prismoid : its opposite and 
parallel bases and middle section, 
frapeziums ; its lateral faces, tra- 
peziums. 

Factors of middle section arith- 
metic means between those of the 
bases. 


As a priemoid: its opposite and 
parallel bases and middle section, 
rectangles ; lateral faces, trape- 
ziums. | 

In all such solids, the half way 
factors need never be measured, as 
they are always means between the 
parallel bases of the trapezium faces. 





28—Frustum of an isosceles 
triangular prism, a prismoid. 
Ridge roof with ends unequally 

sloped, mitred moulding, etc. 


As a prismoid : one of its opposite 
and parallel bases, a rectangle ; the 
other, a line ; its middle section, a 
rectangle. ‘“ Key,” page 19. 


de” Conte . 
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29-——Frustum of a trapeziform 
prism, a prismoid. 

À flat roof, etc. ; on its lesser 
parallel base, a bin or reservoir, a 
vehicle of capacity, a scow, a pon- 
toon ; on end or its parallel faces 
vertical, the splayed opening of a 
window. 


30——A prismoid on a mixtili- 
near base. 

The roof of a building, circuler 
at one end or coved celling of a 
room ; on its lesser base, a bathing 
tub, etc.; vertically, the splayed 


As a prismoid : its opposite paral- 
lel bases and middle section rec- 


tangles ; its lateral faces, trape- | 


ziums. Factors of intermediate sec- 
tion or middle base, arithmetic 
means between those of the end 
bases. 

“ Key to Ster.” page 29. 


Its opposite and parallel bases 
and middle section, mixtilinear 
figures ; the one a rectangle and 
a semi-cirole ; the other two, rec- 
tangles and semi-ellipses ; its 
arched end developed, a sort of tra- 


opening of a circular headed window perium with curved bases ; its area 
in a wall equal to half sum of bases by mean 
breadth or height. 
CLASS IV. 


Prisemoids, etc. 


81-—The icosahedron, or twen- 
ty-sided solid; one of the 
flve platonic bodies. 

Ân assemblage of twenty equal 
pyramids on triangular bases, their 
apices or summits meeting in a 
common point, the centre of the 
solid or of the circumscribed or 
inscribed sphere. 


The ten pairs of parallel bases or 
twenty component faces of the solid 
are equal equilateral triangles. 
Its middle section, a regular do- 
decagon. Its middle section pa- 
rallel to two opposite apices or to 
the bases of any two opposite pen- 
tagonal pyramids of the solid, a 
regular decagon, whose side is 


ue 2 Non Ho sum .- 
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A finial or other ornament, etc, 
More expeditious to treat it for 
solidity by computing one of its 
component pyramids, and multiply- 
ing the result by twenty. 


equal to half that of one of the 
edges of the solid. For developed 
surface, see “ Key to Ster,” p. 133. 





82— A prismoid, both its bases, 
lines. Irregular triangular 
pyramid. 

Dormer or gablet abutting on a 
sluped roof. Component section of 

No. 79. “ Key ” p. 165, par. (212). 


88—A prisemold on a trapezi- 
form base. 


À cutting or embankment, ete. 


84— À raïilrogd prismold on a 
side slope. 
Section of a railroad cutting orem- 
bankment on ground, sloping late- 
rally or in one direction only. 


85—A railroad prismold on a 
grade and side slope, or on 
ground sloping both lateral- 
1y and longitudinalty. 

Its narrow base upwards, an em- 

bankment ; the same downwards, a 

cutting or excavation. 


86—A square or rectangular 
‘prismoidal stick of timber. 
À squared log,a tapering post, 


Its opposite bases — considering 
the solid as a prismoid resting on 
one of its parallel edges—lines ; 
its middle section e& rectangle. 
See “Key to Ster.,” page 164, 
par, (208). 


One ofits paralled bases, a trape- 
zium ; the other, a line ; its middle 
section, & trapesium. 


Its end sections or bases and middle 
parallel section equal quadrila- 
terals, for area of which see “ Key 
to Ster.,” page 30. 

This prismoid is a prism on an 
irregular base, and may be 0 
treated. 


Its opposite and parallel end bases 
and middle section, quadrilaterals, 
the factors of the middle section 
being all arithmetic means between 
those of the corresponding end 
areas. 


Its end bases and middle section 
squares or rectangles. 
Timber is usually measured by 
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the shaft of a chimney or high 
| tower, a reducer between rectangu- 
lar conduits of unequal s812e, etc. 
Note.—25 per cent. of the whole 
or true content is 334 per cent. or 
one-third of the erroneous result. 


37—A prismoidal stick of wa- 
ney timber. 
A log of waney timber; on end, 
the shaîft of a chimney, a high tower, 
a tapering post. 


38—A concavo-convex pris- 
moid or curved wedge. 
A corbel, spandrel, finial, etc. ; a 
brake, a cam, etc. “Key to Ster.,” 
par. (141). 


multiplying its middle section into 
its length. This gives an erroneous 
result ; the more tapering the timber 
is, the more s0. Ifit tapered to a 
point the error would be 25 per 
cent., or one-quarter of the whole 
in defect, 


Its opposite bases and middle 
section, symmetrical octagons, 
for area of which see“ Key,” p. 176, 
par. (272), or squares or rectangles 
with chamfered corners or angles. 


Its opposite bases, a rectangle 
and a line ; its middle section, a rec- 
tangle ; its developed faces, trape- 
ziums ; sides, mixtilinear tri- 
angle. 





39—A recto-concave prismoid, 
or frustun of a curved wedge. 
À corbel, spandrel, buttress, etc. 
May be decomposed, as also No. 38, 
into two sections for more exact 
computation of solid contents. 


Its opposite and parallel bases and 
middle section, rectangles ; its de- 
veloped faces trapeziums ; its late- 
ral faces mixtilinear trapeziums 

Forareas see “ Key,” page 67. 





4A0—Frustum of a rectangular 
trapeziform prism,a prismoid 
A flat roof in a rectangular cor- 

ner; on its lesser base, an angular 

corbel, a sink, cistern, bin, etc. 


As a prismoid, its opposite and 
parallel bases and middle section 
rectangles ; its lateral faces, tra- 
peziums. 

« Key,” page 104, par. (141). 
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CLASS V. 


Prismoids, etc. 


Al—The octahedron or eight- 
sided figure ; one of the five 
platonic bodies. 

Assemblage of eight equal pyra- 
mids on triangular bases, their apices 
meeting in a common point, the 
centre of the solid ; or two quadran- 
gular pyramids, base to base. 


42— A prismoid,one ofits bases 
a square,the other an octagon 
Base or capital of a column, roof 

. of a square tower, a tower, pier, 

vessel of capacity, component sec- 

tion of a steeple, etc. 


A43—A prismoid, its opposite 
bases, a square and a eircle. 
Base or capital of a column, roof of 

a square tower, a tower, pier, vessel 

of capacity, a lighthouse, a section 

. of steeple or belfry, a reducer be- 

tween a square and circular conduit, 


44— A prismoid, its bases une- 
qual squares set diagonally. 
Representative of the same ob- 

jects as solids, Nos. 42 and 43. 


Its four pairs of parallel bases or 
eight component faces, equilateral 
triangles ; ite middle section, a 
regular hexagon ; its middle sec. 
tion through opposite apices and 
perpendicular to intervening arris 
or edge a lozenge ; through four 
apices, a square. For developed 
surface see “ Key to Ster,” page 132. 


Its opposite and parallel bases, a 
gquare and an octagon ; the mid. 
dle section, a symmetrical octa- 
gon ; its lateral faces, triangles and 
trapeziums. For area of symme- 
trical octagon, see “Key,” par. (272) 


One of its opposite and parallel 
bases a square ; the other, a oir- 
cle ; the middle section, a mixti. 
linear figure or a square with 
rounded corners. 

Its lateral surface capable of de- 
velopment into a plane trapezi- 
form figure, one base circular, the 
other polygonal. 


Its opposite bases unequal 
gsquares set diagonally to each 
other; the middle section, a sym- 
metrical octagon ; its lateral faces, 
triangles. | 
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45— A prismoid its bases a hex- 
agon and a rectangle. 
Representative of nearly the 

same objects as the three last solids, 


46—The lateral frustum ofa 
rectangular prolate spindle. 
Roof of a square tower, compo- 
nent part of a steeple, etc. 


47—AÀ prismoid, its bases, an 
elipsis and a square. 
À reducer between an elliptic 
and square conduit, a roof, etc. 


48—AÀ prismoid, its bases a 
symmetrical hexagon and a 
line. 

Ridge roof, coping or finial to a 
post, panel ornament, etc. 


49 — À prismoid, its bases, « 
syrametrical hexagon and a 
lozenge 
Flat roof, ornament, etc. ; on its 

lesser base, a fancy basket, a disk,etc. 


S0—A groined ceiling or the 
half of a rectangular oblate 
spindle. 

À roof, panel ornament, etc. For 
more exact computation of contents, 
decompose into two parts, 


One of its bases, a hexagon ; 
other a rectangle ; its middle sec- 
tion a symmetrical cetagon ; its 
lateral faces, rectangles and tri- 
angles. 


Its parallel bases and section, 
squares ; its lateral surface, mix- 
tilinear figures capable of devel-- 
opment into plane surfaces. For 
area of these see “ Key,” page 57. 


Its middle section, a mixtili- 
near figure or approximate oval. 
Its lateral surface developed, a 
ourved trapezium, one base 
curved, the other polygonal. See 
“ Key to Ster., ” page 166. 


Its middle base, a symmetrical 
octagon ; its Literal surface, trian- 
gles. For symmetrical hexagon, 
area equal to double that of half 
the figure, which is a trapezium. 


Its middle section or base, a 
symmetrical decagon ; its lateral 
faces, triangles. Area of hexagon, 
double that of component trapezium. 


Its base and middle section, 
squares ; its opposite base, a point ; 
its lateral faces, mixtilinear f- 
gures. 

For areas of mixtilinear figures 
see “ Key to Ster.,” page 67. 
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CLASS VI 


Pyramids and Frusta of Pyramiüs, 


5l—The tetrahedon, or four- 
sided figure ; one of the five 
platonic bodies. A regular 
triangular pyramid. 

Apex roof of a triangular building, 
finial or other ornament, the com- 
ponent element of the icosahedron 
and octahedron. 


52 —A regular square Or rec- 
tangular pyramid. 

The spire of a steeple, a pinnacle, 
roof of square tower, a bin, a vessel 
of capacity, a finial or other orna- 
ment, etc. 


53 —-A pyramid, two ofits fnces 
perpendioular to base. The 
ungula of a rectangular 
prism on either of its bases. 
An apex roof, section of cutting 

or embankment, component portion 

of other solids, a roof saddle. 


54—Frustum of a right trian- 
gular pyramid. 

Roof, base or capital of a post or 
column, base of a table-lamp or 
vase, a vessel of capacity, component 
section of other solids. 


Its base and middle section, 
equilateral triangles, the lesser 
equal in area to one-quarter the 
greater, its upper cr opposite base, 
a point ; its faces, triangles. For 
development of surface see “ Key 
to Ster.,” page 131. For area of 
bases and faces, see page 36, rule II. 


One of its parallel bases, a 
square ; the other, a point ; its 
middle section, a square, of which 
the area is one quarter that of the 
base. Lateral faces, isosceles tri- 
angles. 


Its base and middle section, tri- 
engles ; apex, a point. Factors of 
middle section half those of the base- 

Affords a demonstration of the 
tlieorem that in right-angled spheri- 
cal triangles the sines of the aides 
are as the aines of the angles. 


Its parallel bases and middle 
section similar triangles ; lateral 
faces, trapeziums. Factors of 
section arithmetic means between 
those of bases, 
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55—Frustum of an oblique 
triangular pyramid. 

Flat roof of triangular building 
abutting against a sloped or battered 
wall ; portion of a ditch excavation, 
component portion of other solids. 


E6—Frustum of a right rectan- 


gular pyramid. 
Flat roof to tower ; reducer bet- 


ween conduits of varied size, com- 
ponent portion of an obelisk, capital 
or base of a post or column, a bin, 
vat or other vessel of capacity, the 
body of a lantern, etc., etc. 


57—A regular ootangular or 
octagonal pyramid. 
Roof of a tower, spire of a steeple, 
finial or other ornament, a funnel, 
strainer or filter, etc. 


58—The frustum of a regular 
octagonal pyramid. 

On its broader base, a roof, tower, 
pier, quay, component part of a 
steeple, eto.; base of a column, lamp 
or vase, etc; on its lesser ‘base, a 
vat, bin, vase, or other vessel of 
capacity ; the body of a lantern, 
etc., etc. 


Its bases and middle parallel 
section, similar triangles ; lateral 
faces, trapeziums; factors of 
section, arithmetic means between 
those of the bases. For areas see 
“ Key to Ster.,” pages 19, 22 and 29. 


Its opposite bases and middle 


section, squares or rectangles 
whose factors or sides are each 


equal to half the sum of the corres- 
ponding sides of the bases, or 
arithmetic means between them. 
For areas see “ Key to Ster.,” pages 
19 and 29. 


Its base and middle section, 
similar octagons ; lesser area 
one-quarter of the greater; its 
upper base or opposite one, an apex 
or a point ; lateral faces, isosceles 


triangles. 


Its opposite and parallel bases 
and middle section, regular octa- 
gons ; factors of section means to 
those of the bases ; its lateral faces, 
trapeziums. For expeditious 
mode of arriving at area of octagon, 
see “Key to Ster.” page 176 or 
page 26, rule II. Developed surface 
a regular polygonal sector or tra- 
pezium. 
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59—Irregular and oblique 
pyramid on a quadrilateral 
base. 
Apex roof of an irregularly 
shaped building against a battered 
wall or roof, a roof saddle, etc. 


60—Frustum of a pyramid 

with non parallel bases. 

Decomposable into the frustum 
ofa pyramid with parallel bases, 
and an irregular pyramid, by a 
plane parallel to the base and 
passing through the nearest corner 
or point of the upper, or non 
parallel base. 


Its base, a quadrilateral or 
irregular trapezium ; its sum- 
mit or apex, a point. Middle sec- 
tion similar to base and equal in 
area to one-quarter that of base. 


When decomposed for computa. 
tion of solid contents : bases and 
section of frustum, similar trian- 
gles ; bases and section of compo- 
nent pyramid or upper portion 
similar quadrilaterals. This 
pyramid has its base in one of the 
lateral faces of the solid. 


CLASS VIL. 


Cylinder, Frusta and Ungulae. 


61—A right cylinder or infini- 
tary prism. 

À tower or circular apartment ; a 
bin, vat, tub, bucket, pail, vase, 
drinking vessel, cauldron or other 
vessel of capacity ; a road or other 
roller : the cylinder of a steam or 
other engine ; a gasometer, the barrel 
of a pump, etc., ete., etc. 


62—Frustum of lateral ungula 
or wedge of a right cylinder 
May represent a cylindrical win- 


Its parallel bases and middle 
section, equal circles ; its lateral 
surface developed in a plane, a 
rectangle ; its height, that of the 
cylinder ; its length, the circum- 
ference of the solid. 

For areas of circles calculated to 
eighths, tenths and twelfths of umity, 
see tables II. IIL., IV. at end of 
“Key to Ster. ” 


Its base, a oircle; its opposite 
base, a semi-c'rcle or other seg- 
ment ; its middle section, a seg- 
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dow or opening in a sloped roof 
abutting to a vertical wall or sur- 
face, the liquid in a closed cylindri- 
cal vessel held obliquely, base to 
chimney or vase partly on a hori- 
zontal, partly on a gabled wall. 


63—A rectangular circoular 
ring ; 
The difference between two con- 
centric cylinders, or a solid annulus. 
Horizontal section of a tower 
wall, cross section of a brick, iron 
or other conduit, section of a boïler, 
vat, tub, or other vessel of capacity, 


etc., etc. 


64-—Centrai ungula or wedge 
of a right cylinder. 

Ridge roof «f a tower, a wedge, 
loop hoïe in a wall component 
portion of comprund solid, à finial 
or other ornament, a strainer, etc. 


65—Frustum of central wedge 

or ungula of eyiinder No.6. 

Flat roof of tower c* other buil- 
ding, base or capiual of rectangular 
pillar. vessel uf capacity, component 
portion of compound rolid, base of 
chimney stack or vase between two 


gables. 


ment greater than a semi-cir- 
cle ; its plane of section the seg- 
ment of an ellipsis; its cylindrica] 
surface decomposable by lines pa- 
rallel to bases into trapeziums-. 
For areas of segments, see table 
VIII, “ Key,” pages 53, 38, 44. 


Its bases and parallel section, 
concentrio annuli; its interior 
and exterior surfaces continuous 
rectangles. The area of annulus 
equal to the difference of the inner 
and outer circles, or to the breadth 
of annulus into half the sum of its 
circumferences. See “ Key,” p. 39. 


Its base, a circle ; its opposite 
base, a line ; its middle section, the 
zone or a circle ; its sloped faces, 
each a semi-ellipsis. Its cylindri- 
cal surface decompasable into tra- 
peziums by arcs parallel to base. 
See tables IL, ITT IV, IX. of 
“ Key to Ster., also pages 38, 46, 53. 


Its greater base a circle; its 
lesser base, the central zone of a 
cirele ; its intermediate base, the 
zone of a cirole ; its lateral facgs 
equal segment ofequal ellipses. 
Its cylindrical surface decomposable 
into trapeziums parallel to bases. 
See “ Key to Ster.,” page 51. 
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66—Lateral ungula of right 
cylinder or recto-cylindrical 
wedge. 

Lunette or arched headway of a 
door or window, ete., in a sloped 
roof, component of a compound 
solid, the liquid in an inclined cy- 
hndrical vessel, base of a salient 
chimney shaîft over a roof, etc. ete. 


67—Frustum of lateral wedge 

or ungula of a right cylinder. 

Lunette to arched opening in a 
sloped roof or ceiling abutting on a 
vertical wall or surface ; liquid in 
an inclined closed cylindrical ves- 
sel ; base of engaged column against 
a battered wall], etc. 


68—Irregular ungula or wedge 

of right cylinder 

Lunette to à partially circular 
Opening in an inclined ceiling, etc. 
Component portion of a compound 
solid. For areas, see “ Key to Ster.,” 
pages 44, 46, 53, articles (61) and 
(62), tables VIII. and IX. 


69—Concavo-convex prismoid 
or cylindro-cylindrical solid 
or concave frustum of a 
wedge or ungula of right 
cylinder 
Deposit of sediment ina cylin- 
drical .sewer, section of additional 


Its base, a semi-circle : its inter- 
mediate base or middle section pa- 
rallel to base also a segment ; its 
opposite base, a point ; its plane of 
section or sloped face, a semi-ellip- 
sis. Its curved surface developed 
an approximate parabola, tra- 
peziums. etc. See “ Key,” pages 
38, 44, 51, tables II. III. IV., VIIL. 


Its parallel bases and middle 
section, segments of a circle, less 
than, more than, and equalto 
half ; sloped face, the excentrio 
zone of an ellipsis; cylindrical 
surface, trapezium parallel to base. 
For areas of segment, see “ Key,” 
page 44, rule I., rule II, table VIII; 
for zone of ellipsis,see p. 53, art.(62). 


Ist base, the Segment of a cir- 
cle greater than half; its op- 
posite base, a line ; its middle sec- 
tion, an eccentric zone of a cir- 
cle ; one of its side faces, the seg- 
ment of an ellipsis ; the other 
plane face, an eccentric zone of 
an ellipsis. 


One of its bases, the lune of a 
cirele greater than a semi-cir- 
cle ; the other the lune of a oir- 
cle less than a semi-circle ; the 
middle section, a lune equal or 
thereabouts to a semi-cirole. Its 
side surfaces, convex and concave 
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excavation or fillmg, or difference 

between two lunettes. 

70—Frustum of an oblique 
cylinder. 

May be decomposed into an 
oblique cylinder and the unzula 
of one by a plane parallel to base, 
and passing through nearest point 
of other base. 


CLASS 


Oblique Cylinder, Frusta, 


71—Oblique cylinder or infini- 
tary prism. 

Mitred section of conduit, hand 
rail, moulding ; inclined column, 
post, strut or brace, etc.; inclined 
cylindrical opening in a wall, etc. 


72—Obtuse frustum or ungula 
of oblique cylinder. 

Oblique lunette inclined upwards 
or arched headway to a circular or 
elliptical opening in a sloped roof 
or ceiling. Component mitred por- 
tion of hand-rail, bead molding, etc. 


73—Aoute frustum or ungula 
of oblique cylinder. 
Representative of same as No. 


approximate trapezlums. For 
areas of lunes, see “ Key,” page 47. 

When decomposed, its bases and 
section ellipses ; the base of ungu- 
la, an ellipsis equal to each ofthose 
of the inclined cylinder ; its middle 
section half an eltipsis. Kor un- 
gulæ, see Nos. 72,73, 75. 


VIIL. 


Ungulae, Cylindroids, etc. 


Its parallel bases and section 
equal ellipses; its lateral surface 
capable of development into a plane 
mixtilineal figure. See “ Key to 
Ster.,” fig. n. page 57. For area of 
ellipsis, see page 51 of same. 


One of its opposite bases, an 
ellipsis of sligh eccentricity ; 
its opposite base, a point ; its mid- 
dle section, a semi-ellipsis equal 
to half of base ; its plane of section 
or lateral face, an ellipsis of 
greater eccentrioity ; its lateral 
cylindrical face developed, a figure 
like m page 57 of “ Key. ” 


Same as No. 72. For developed 
cylindrical surface, see fig. h. page 
57 of “ Key to Stereometricon.” 
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72, but inclined downwards. 


74 Concave ungula or frus- 
tum of oblique cylinder. 
Representative of same as No. 

73, but in arch roof or ceiling in- 

stead of sloped roof. 


75—Frustum, ungula or wedge 
of right cylinder. 
Base of chimney shaft on sloped 
roof, or same as No. 72 not inclined. 


76—A cylindroid; its bases, a 
cirele and an elipsis; infini- 
tary prismoid, 

Base or capital of elliptic column, 
reducer or connectiug link beîween 
a circular and au eliptic conduit; 
a tub, vat or other vess-l nf capa- 
city ; a hat with elliptic or oval head 
and a circular crown, etc. 


77—Cylindroid or infinitary 
prismold ; its bases, an elip- 
sis and a circle. 

Same as No. 76, or frustum of a 
conic metallic vessel, which has 
become flattened or battered at one 
end. 


For area ot ellipsis, “Key to 
Ser.” pages 51 and 53. 


Same as No. 73, with curved 
instead of plane section. Its cylin- 
drical surface developed similar to 
fig. h, page 57 of “ Key;” its cur- 
ved or eoncave section developed 
an oval or fig. like a, p. 57, “Key.” 


Same as No. 72. For developed 
cylindrical surface, see fig. g; for 
ellipsis, fig. b. p. 57, “Key.” 


Its middle section, an ellipsis of 
which the conjugate or lesser dia- 
meter or axis 1s an arithmetic mean 
between those of the opposite bases. 
For area of circle, see table II, IIT, 
IV, and of ellipses, p. 51, “Key.” 
Lateral surface developed, a plane 
trapeziform fig. ; its greater base, 
convex; lesser, concave; its area, 
equal to periphery of middle section 
into mean height. 


Its lateral surface developes into 
a plane trapeziform figure, with 
greater periphery convex ; and les- 
ser concave. ÂArea equal to peri- 
phery of middle section into mean 
height. | 
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78—Cylindroid ; its bases ellip- 
ses at right angles Lo each 
other. 

Capital or base of elliptic column, 
connecting link between conduits; 
metallic envelope or tube flatten- 
ed at ends in opposite directions. 


79 -Cylindroid or prismoid; 
its bases an ellipsis and a 
line. 

Ridge roof to elliptical building or 
tower ; a hut, camping tent, a strai- 
per of filter; a finial or other orna- 
ment. 


80-—-A compound solid; a cy- 
linder and a cone. 

__ A tower or other building, a hut, 
tent, or camp with conical roof; a 

hay rick, canister, finial ; reversed: 

a cauldron, cistern, tub, filter, etc. 


Factors of middle section, arith- 
metic means between those of the 
bases. Lateral surface developed, a 
plane trapeziform figure of 
area equal to periphery of middle 
section into mean height, page 51 
of “ Key.” 


Middle section, a mixtilineal 
figure with factors, arithmetic 
means between those of bases. For 
area of middle section, page 57 of 
“Key.” Lateral surface developed, 
a plane trapeziform figure ; its 
base, convex ; its opposite base, an- 
gular. Area equal circumference of 
middle section mean height. 


For cylinder, see No. 61, class 
VIT; for cone, see No. 81, class IX. 
The developed surface of a right 
cone is the sector of a cercle. 
For area, see “ Key,” page 42. 


CLASS IX. 


Right and inclined Cone, Frusta, Ungulae, etc. 


81—A right cone or infinitary 
pyramid. 
Roof of tower, spire, finial or 
other ornament, pile of shot or shells, 
coruet, filter or strainer, funnel, etc. 


Its base, a circle; its opposite 
base, a point ; its middle section 
a circle equal in area to one 
quarter that of the base. Its lateral 
surface developed, the sector of a 
circle. For area of circle, see tables 
IL, III, IV, “Key to Ster.” 
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82 — Fructum of a right cone, 

cousidered as a prismoid 

À tower, quay, pier, base or ca- 
pital of a column, flat roof of tower, 
component portion of a spire, a 
salting tub, etc. , reversed : a butter 
firkin, a tub or vat in a brewery or 
distillery, etc, a drinking goblet, 
bucket, pail, dish, basket, lamp 
shade ; a vessel of capacity, the plug 
of a stop cock, etc., etc. 


Its opposite and parallel bases 
and middle section, cireles ; its la- 
teral surface developed, the sector 
of a circular ring, or a curved 
trapezium. The diameter of mid- 
dle section an arithmetic mean be- 
tween those of the opposite bases.’ 
For area of bases and section see 
“ Key to Ster.,” page 38, for lateral 
surface, page 43. Tables of areas of 
circles to eighths, tenths &twelfths, 
IT, III, IV. 





83—Inclined or oblique cone. 

Loop hole in a wall, the liquid 
or fluid substance in a conical ves- 
sel inclined to the horizon ; a fnial 
or ornament adapted to a raking 
cornice Or pediment, etc. 


84— Frustum of inclined cone. 

Unequally splayed circular open- 
ing in a wall; a coal scuttle: re- 
ducer or connecting link between 
two conduits of different diameters 
laid eccentrically etc. 


85 —Flat or low cone. 

Roof to tower or circular con- 
struction; cover of a box, basket, 
cauldron, etc, ; finial or other orna- 
ment; a chinese hat, a pile of shot 
or shells, a sun shade ; reversed : a 


Its base and middle section, sim- 
ilar ellipses—the latter equal in 
area to one quarter the former ; the 
upper base, an apex or point; la- 
teral surface developed an irregu- 
lar sector, which, for computation 
of area, divide into triangles. 


Its opposite and parallel bases 
and middle section, similar ellip- 
ses; its lateral surface developed 
portion ofan eccentricannulus, 
art. 39, page 33, of “ Key to Ster.,” 
Diameters of middle section, arith- 
metic means between those of bases. 


Its base, a circle ; opposite base 
or apex, a point; its middle sec- 
tion, a cirele equal in areato one 
quarter that of base; its lateral face 
developed in a plane, the sector 
of a cirole. 
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spinning top, bottom of cauldron or 
reservoir, a funnel, stainer or filter, 
ete. 


86 — Frustum of a low or 
surbased cone. 

Flat roof to a pavillion, tower, 
etc. ; a hat, the cover of a vessel 
of capacity ; an unfinished or trun- 
cated pile of shot or shells; a lamp 
sbade ; a finial or other ornament ; 
the bottom, base, top or. other 
component section of a compound 
solid, as of No. 100 ; reversed : a 
dish, pan, saucer, cauldron, cistern, 


87—Parabolice conic ungula by 

a plane parallel to side of 

cone. 

Lunette to a circular headed 
opening in a wall and sloped 
ceillug ; liquid in a closed conic 
vessel inclined to the horizon. 

N.B.—For ratio of chord of middle 
section or segment to that of base, 
see “ Key to Ster.,” page 143, where 
it is shown that the squares of the 
chords are proportional to the 
abscissae. 


88 — Frustum of parabolic 
couic ngula by a plane 
parallel to base of cone. 
Splayed opening or embrasure to 

a segment-shaped window or loop 

hole in a wall ; lunette to opening 


For area of circle, see tables II, 
IIL IV, of “Key to Ster.;” for 
sector, see page 42 of same. 


Its opposite bases and paralled 
middle section or intermediate base, 
circles ; diameter of middle section, 
an arithmetic mean between those 
of the opposite bases ; the latera] 
area developed in a plane, the sector 
of a circular annulus. 

For areas of circles, see tables II. 
IIL., IV. of “ Key to Ster.,” sector, 
page 43 of same. 


The base, the segment of a 
circle ; the opposite base, a point ; 
the middle section, the segment of 
a circle ; the plane of section a 
parabola. For areas of segment, 
see “ Key to Ster.” page 44 and 
table VIIL ; for area of parabola 
page 54 of same. The lateral surface 
developed an approximate sector 
of a circle. The height or versed 
sine of middle section segment is 
half that cf base. 


The parallel bases and miudle 
section, segments of a cirole ; 
the lateral plane face or figure, the 
zone of a parabola, for area of 
which see “ Key to Ster.,” page 55, 
art, (66);the developed conical 
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in sloped ceiling terminating ina 
vertical surface ; liquid in a closed 
vessel in the shape of the frustum 
of a cone, No. 82, when inclined 
from the vertical. 

For chord of middle segment, 
measure solid or compute by page 
143 of “ Ster.” 


89—Frustum of a right elon- 
gated cone. 

Shaft of Crecian column, tapered 
post, high tower or chimney shaft, 
funnel, pipe  reducer, speaking 
trumpet or horn, plug of a stopuock 
or tap, deep drinking goblet, or 
other vessel of capacity large or 
small, shaîft of a gun, component 
. portion of many compound solids, 
etc. 


980—A compound solid, com- 
posed of or decomposable into 
the frustum of a right cone 
and the segment or halfofa 
sphere or spheroid. 

May represent a piece of ord- 
pance, a deep conical vessel with 
hemi-spherical, hemi-spheroidal or 
segmental bottom or top to it. 

For hemi-sphere, hemi-spheroid, 
or segments thereof, greater or less 
than half, see classes 18, 19, 20. 

For diameter of middle section 
in segment of spheroïd, see * Key 
toSter.,” pages 139 and 140, where 


surface, an. approximate sector 
of a circular annulus or, more 
correctly, a trapezium with 
curved concentric or parallel 
bases, for area of which see note 
page 29, “ Key to Ster.,” For area 
of segment, table VIII and page 
44 of same. 


Like No. 82, its opposite and 
parallel bases and middle section 
oircles ; diameter of middle section 
equal to the half sum of those of 
the bases ; the developed lateral 
surface, the sector of a concen- 
trio annulus. 

For areas of circles to eighths, 
tenths and twelfths, see tables IT., 
III, IV., of “Key to Ster. ; ” for 
that of sector, page 43 of same. 


For nature and areas of bases 
and middle section of the component 
frustum or a cone and of its lateral 
surface, see Nos. 82 and 89. 

For areas of bases and middle 
section of hemisphere or hemisphe- 
roid or of the segment of either, 
greater or less than a hemisphere, 
see tables II, ITI., IV. in “Key to 
Ster.” 

For diameter of middle section 
in hemisphere or in segment 
thereof, see “ Baillairgé Geometry,” 
par. 539 or “Key toSter.,” par. 154, 
where o4= y Co. ob., and oD— 
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AB :CD:: V/A40.0B: 0 M and 
CD : AB :: y Co.oD: 0 M., or, 
the rectangle under the required 
radius and either axis of the 
spheroid 1s equal to that under the 
square root of the rectangle or 
product of the abscissas of the first 
axis and the other axis. 


diam. ÀB minus versed sine oC; 
or, the square of the half cord equals 
the rectangle under the versed sine 
and remainder of the diameter ; or, 
may be obtained directly by mea- 
suring the solid. 


CLASS X. 


Conic Frusta and Ungulas, etc, 


91 -Conic wedge or central 
ungula of a cone by planes 
drawn from opposite edges 
of the base to meet in the 
axis of the cone. 

Ridge roof to a tower, splayed 
opening or embrasure to a long 
narrow vertical loop hole in a wall; 
component section of compound 
sohd of à cone and cylinder or 
of cones having their bases or 
apices in opposite directions. 


92—Frustum of a conic wedge 
or of the central ungula of a 
cone by a plane parallel to 
base ; or, may be considered the 
frustum of a right cone, latera!ly 
and equally truncated on op- 
posite sides. 
Arched and splayed embrasure 

in a wall, component portion of a 

compound solid, 


The base, a circle ; the parallel 
upper base, an arris or line ; the 
middle section parallel to bases 
the zone of a circle ; the lateral 
plane faces equal segments of 
equal ellipses, each greater 
than half; the curved or conical 
faces developed, equal ourvilinear 
triangles 

For areas, see pages 38, 46, 53 
and 57, and tables IT, III, IV. of 
“ Ster.” For area of zone, see table 
IX, of same. 


The base, a circle ; the opposite 
and parallel base, a zone of a 
cirele ; the middle section, a zone ; 
the lateral plane faces, equal seg- 
ments of equal ellipses the 
developped conical surfaces resol- 
vable into trapeziform figures, 

For area of trapezium, page 29, 
“ Key to Ster.” 


——— 29 — 


93—Lateral elliptic ungula of 
a cone, by a plane passing 
through edge ot base. 
Splayed embrasure to elliptic 
opening in wall and through sloped 
roof or ceiling; etc. 


94—Lateral elliptic conic un- 
gula, by a plane passing 
within the base. 

The liquid in an inclined conical 
vesse]l, lunette head of opening in 
sloped roof or ceiling ; base of struc- 
ture rising from an inclined surface, 
roof, pediment, etc. 

For area of parabola see key to 
Ster., page 54; for area of hyper- 
bola, page 55, or figure e, page 57; 
for ellipsis, page 51 and 53. 


95—Central ungula of cone or 
conic wedge, by planes 
through opposite edges of 
upper or lesser base and 
meeting in the axis of the 
cone. 

An embrasure, etc., etc. 

The plane lateral faces, segments 
of ellipses if cutting planes more 
inclined to base than side of cone; 
if less, hyperbolas ; if equally, pa- 
rabolas. 


Its base, a cirele ; its upper or 
opposite base, a point ; its middle 
section parallel to base, the seg- 
ment of a cirole ; its plane face 
an ellipsis ; its conical surface 
developed a& concavo - convex 
figure like h, page 97 of “ Key to 
Ster.” 


The base, a segment of a cir- 
cle ; the upper base, a point ; the 
middle section, a segment of a 
circle ; the plane lateral face, the 
segment of an ellipsis ; the de- 
veloped conical surface as in No. 87 
or 94. If the cutting plane be pa- 
rallel to side of cone the face will 
be a parabola; if at an angle 
greater than side of cone to base, 
a hyperbola ; if less, an ellipsis, 


Bases and sections same as No, 
91; developed conical surface, a 
concavo-convex triangle com- 
putible as per page 57 of “Key.” 

The lateral plane faces, equal 
segments of equal ellipses, 
equal parabolas or equal hy- 
perbolas, as case may be.—$ee 
No. 94. 
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96 F'rustum of conic wedge, 
No 85, by a plane parallel to 
the base. 

An embrasure; a reducer or con- 
necting link between a rectangular 
and circular conduit, etc. 


97—Concave ungula of a cone 
or a conical recto-concave 
wedge. 
Lunette of circular headed open- 
ing in wall, reaching through vault- 
ed, groined or arched ceiling; cone 
scribed to cylindrical surface, or to 
a shaft of elliptical section. 


98-—Portion of frustum of right 
cone, by a plane through 
both bases. 

Splayed segment headed opening 
in wall, liquid in closed tub lying 
on its side; base or capital of half 
column against sloped wall; com- 
ponent section of base or capital of 
clustered, gothic or other column. 


99.—Lateral conic ungula or 
wedge, by a plane through 
edge of lesser base of frustum 
Embrasure, liquid in inclined co- 
nical vessel, section of conical elbow 
or mitre, base of chimney stack to 
sloped roof. May be treated also as 
lying on its lateral plane face. 


Its base, a cirole ; other base and 
middle section, Zones of circles, 
for areas of which see “ Key to 
Stereometrieon, table IX. 


The base, the segment of a cir- 
ele; the other base, a point or 


curved arris; its intermediate base 


or section, or its bases or sections 
if divided for computation of cubi- 
cal contents, segments of ciroles. 
Its sides like No. 94. 


Its parallel end bases and mid- 
dle section, segments of ciroles ; 
its conical surface developed a 


figure of trapezium form, having 


parallel or concentric arcs of circles 
for its bases ; its plane face, ‘the 
zone of an ellipsis or of a para- 
bola or hyperbola according to 
inclination of cutting plane. 


Its base, a circle; opposite base, 
a point; intermediate section a 
segment of a circle; its plane 
face an ellipsis, its conical surface 
developed a concavo-convex figure 
like g or h, page 97 of Ster. but with 
concave base. Treat on circular base 
as easier of computation. 
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100—A compound solid com- 
posed of, decomposable or resolv- 
able into two conic frusta and 
a low or flat cone. 

May represent a covered dish, a 
basket or hamper, a vase, a finial or 
other ornament, an urn, a cauldron 
on a stand, etc., etc. 


AT its areas to be used in com- 
putation of solid contents or capa- 
city are circles, and can be mea. 
sured to eighths, tenths or tweltths 
of an inch or other unity, and the 
areas found by mere inspection in 
tables IL. IIL and IV. at end of 
Baiïllargé’s “ Key to Ster, ” 


DIVISION 2. 


Solids of double curvature, or of which the surfaces are not capable 


of development in a plane. 


CLASS XI. ° 


Concave Cones, Frusta and Ungulae. 


101 —Right concave cone or 
spindle, 

Camping tent ; roof of tower, pa- 
Villon, hut, etc.; spire, funnel, 
strainer, trumpet ; finial or other 
ornament. 

May be decomposed into two or 
more frusta by planes parallel to 
base, to admit of more accurate de- 
termination of solid contents. 


102 -—Frustum of a right con- 
cave cone between patallel 
planes. 


Its base and parallel sections, 
circles ; its upper or opposite base, 
an apex or point. Its lateral surfare 
not capable of development in a 
plane or into a sector of a circle as 
is the case with a regular right cone, 
but may be readily and very ap- 
proximately computed by division 
into continuous trapeziums by 
lines parallel to circumference of 
base. See “ Key to Ster.,” page 96. 


Its bases and parallel sections, 
circles. Intermediate diameters 
not, as in No. 82, arithmetical means 
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Illustrative of most of the objects 
mentioned in No. 82, which see. 

For more accurate computation 
of contents, divide into two sections 
or more, according to greater or 
lesser curvature of the solid, and 
treat each section as a separate 
prismoid and add the results. 


between those of the opposite or 
end bases, but must be measured or 
computed. Lateral area may be 
conceived as made up of a series of 
super or juxta-posed continuous 
trapeziums. 





103—Inclined concave cone. 
Finial, or ornament on a raking 
cornice ; liquid in an inclined ves- 
sel etc., as for No. 101, may be 
decomposed by imaginary planes 
parallel to base into two or more 
sections or slices, so that slant side 
of each may be sensibly a straight 
line. See p. 103, par. 139 “ Key.” 


Its base and section, approxi- 
mate ellipses of slight excen- . 
tricity orovoid figures ; its other 
base, a point. 

In developing the lateral surface 
into a series of continuous trape- 
ziums, the lines are not as in the 
right cone parallel to base or to 
circumferences of parallel sections 
but are drawn equidistant from the 
apex, thus leaving at the base a 
figure like h, page. 57 of “Key.” 





104—Frustum of oblique con- 
cave cone between parallel 
planes. 
Representative of same as No. 84. 


105 - Flat or low concave cone. 
Representative of many of the 
objects mentioned in No. 85. 


Its bases and sections parallel 
thereto, approximate ellipses or 
ovoid figures. See remarks to 
No. 102 


Its bases, a cirole and a point ; 
section, a circle ; lateral area 
reducible to continuous trape- 
ziums, par. 126, “ Key to Ster.” 





106-—-Frustum of flat or low 
cone. 
Representative of objects under 
head of No. 86. 


Its bases and section, cireles, 
for areas of which see tables II. 
III. and IV. of “ Key to Ster.,” to 
eighth, tenths and twelftbs of inch 
or other unity. | 
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107—Ungula of concave cone 
by a plane through outer 
edge of base. 
See No. 92, as to what it repre- 
sents, etc. 


108—Ungula of concave cone 
by a plane cutting the base. 
See No. 93 as to what it repre- 
gents, etc. 


109—Ungula of hollow cone by 
a plane through edge of 
lesser base of frustum. 
Ses No. 99, base of chimney 
stack to a sloped roof. 


110—Frustum of (No. 109) un- 
gula by a plane parallel to 
base. 
See Nos. 98, 116, 126. 
Base or capital of a column, or 
base of chimney shaft, etc., on or 
outside of sloped roof or gable. 


See Ne. 92. Lateral surface 
reducible to trapeziums and 
triangles. . 

Base and sections, ovoid figures ; 
areas, page 57 of Key. 


Bases and section. segments of 
circles; upper base, a point. 
Lateral surface as No. 107. 


Base, a circle ; opposite base, a 
point ; middle section, the seg- 
ment of a circle ; lateral area, 
trapeziums and triangles. 


Its base, a eirole ; other base, a 
segment of a circle ; its middle 
section parallel to bases, also a 
segment. For areas of segments 
of circles, see “ Key to Ster.,” table 
VIIL, or rules, page 44 of same. 


CLASS XII. 


Paraboloid or Parabolic Conoïd, Frusta and 
UÜngulae, etc. 


111—Right paraboloid or para- 
bolic conoid. 
Dome, hut, hive, roof, finial or 
other ornament, shade, globe,.cover, 
hood, cow!l, ete. ; reversed : à filter, 


Its base and middle section, 
circles ; its opposite base or apex, 
a point ; its lateral surface resol- 
vable into a small circle at apex, 
and continuous trapeziunms. The 
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cauldron, or other vessel of capacity, 
the bowl of a cup or drinking 
goblet, ete., etc. : 


112—Frustum of right parabo- 
loid, between parallel planes. 
Represents mostly the same 
objects as the frustum of a cone, 
No. 82. 
See page 142 “ Key to Ster.” 


113—Oblique paraboloid. 
“ Key to Ster.,” page 142. 
Liquid in a parabolic vessel 
inclined to the horizon, metal in an 
inclined crucible, finial or ornament 
on an inclined or raking molding 
or pediment, etc. 


114—Frustum of oblique para- 
boloid between parallel 
planes. 
Represents same as frustum of 
inclined cone No. 84, “Key to 
Ster.,” page 142. 


115—Parabolic wedge or cen- 
tral ungula of paraboloid. 
See No. 91. 


116-—Portion of a paraboloidal 
frustum, by a plane through 
its greater base and edge of 
other or opposite base. 


squares of its intermediate diame- 
ters, proportional to abscissae. See 
“ Key to Ster.,” page 96. 


End and middle bases, circles : 
squares Of diameters proportional 
to abscissae. For areas of circles, 
see “‘ Key to Ster.,” tables IL, IIL, 
and IV. 


Its base and middle section, 
similar ellipses ; its opposite base 
or other end, an apex or point. For 
areas of ellipses see “ Key to Ster.,” 
page 51 ; for lateral area see No. 
103. 


Its bases and middle section, 
similar ellipses ; for areas of 
which see “ Key to Ster., page 51. 
For lateral area, see No. 103 or 
reduce to trapeziums by lines 
from base to base, 


Lateral or paraboloidal surface 
capable of approximate develop- 
ment. See No. 91. 


Its lesser base, a circle : opposite 
base, the segment of a circle ; 
middle section, also a segment. 
Its lateral plane face, the sepment 
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See No. 98 as to what it repre- 
sents. Also, base of chimney stack, 
partly on a horizontal and partly 
on an inclined base, or sloped roof, 
etc. 


117—Lateral ungula of parabe- 
loid 
Very similar to No. 92, as to 
what it represents. 


118 —Lateral ungula of parabo- 
loid; elliptic, parabolic or 
hyperbolic, according as pla- 
ne of section couts the base at 
an angle less than, equal to, 
or greater than that of the 
aide and base. 


119 — Obtuse eliptio ungula of a 
paraboloid,by a plane through 
edge of lesser base of frus- 
tum. 

Base of chimney stack, etc, to 
aloped roof; base of vase, statue, 
etc, on a pediment; a lunette, 
8CO0p, etc. 


120 - Frustum af a paraboloid 
between non-parallele bases. 
‘ Key to Ster.,” page 145. 
Lunette through a vertical wall 

end inclined ceiling, etc. For com- 

putation of solid contents decom- 


of an ellipsis. This face would be 
a parabola if angle of face equalled 
that of side ; if greater, a hyperbola. 


Its base, a cirole; opposite base, 
a point ; middle section, the seg- 
ment of a circle. Its plane face 
an ellipsis, 


Its base, the segment of cirole ; 
its middle section, a segment ; its 
upper or opposite base, a point ; its 
plane face, the segment of an el- 
lipsis, parabola or hyperbola, 
according to angle of plane of sec- 
tion. 


Its base, a circle ; middle section, 
a segment ; other base, a point ; 
its plane face, an ellipsis. Kor a- 
reas of segments of circles, table 
VIII of “ Key to Ster.” For area of 
ellipsis, page 61 of same. 


Its factor areas, oircles and a 
segment; its plane facé, an ellip- 
sis. For areas of segments of circles, 
table VIII of “Key.” Area of 
circle, tables II, III and IV, of 
same; ellipsis, page 51 of same; 
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pose into a frustum with parallel lateral area, page 95 ; solidity, page 


bases, and an ungula by a plane 145 of same. 
parallel to base, through nearest 
point of upper base, 

CLASS XIII. 


Hperboloid or Hyperbolic Conoid, Frusta and 
Ungulae, eto. 


121 -Right hyperboloid or hy- 
perbolic conoid. 
Page 146, “Key to Ster.” Repre- 
sentative of same as No. 111. 


For intermediate diameter or that 
of middle section, see “Key to 
Ster.” page 147, 3rd line, or by 
direct measurement. 





122 —Frustum of right hyper- 
boloid. 
Representative of same, nearly 
as Nos. 112 and 82. 


198—Oblique hyperboloid. 
See “ Key to Ster.,” p. 146. Re- 
presentative of same, as No. 113. 


124—Frustum of oblique hy- 
perboloid, 
Representative of same, nearly 
as Nos. 84 and 114. 


195--Hyperboloid wedge or 


central ungula. 
Similar solid to No. 95 of a cone 


and representative of same objects, 


Except for diameter of middle 
section, same as No. 112, or the 
diameter may be measured directly. 


Same as No. 113, except for dia- 
meter of middle section for which 
see “ Key to Ster.,” page 147, line 
3, or the diameter may be mea- 
sured. 


Same as No. 114, except for dia- 
meter of middle section for which 
see “Key to Ster.,” page 147, line 
3, or may be had by measurement, 

Except for diameter of middle 
section, same as No. 91 or 95. For 
area of zone, see “ Key to Ster.,” 
page 46 or table LX ‘of same. 
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126 — Ungula of hyperboloid by 
a plane through edge of base. 
For solid content, treat as pris- 

moid or by par. 185 of “ Key.” 
Solid similar to No. 93 of cone, 

or to No. 117 of paraboloïd. 


127—Frustum of hyperboloid 
wedge. 
Similar to No. 116 of paraboloid. 
Base of chimney stack, etc., resting 
partly on a sloped roof. 


128--Ungula of hyperboloid by 
a plane through base. 
Similar to No. 118 of paraboloid. 


199 —Frustum of hyperboloid 
wedge, or of central ungula 
of hyperboloid. 

Similar to No. 92 of cone. 


130 —A compound solid: two 
equal frusta of cone or co- 
noid, base to base, 

Iustrative of a keg or cask, barrel, 
hogshead, etc., of any size or shape. 
Treat one-half of solid as Nos. 

92, 112, 122, and double the result, 


Its base, a circle ; middle sect- 
lon, the segment of a circle ; 
other base, a point. Plane lateral 
face, an ellipsis, its lateral surface 
of double curvature, as all such 
figures are, not capable of Idevelop- 
ment, but reducible as required. 


Bases same as in No. 116. La- 
teral area developes into trapezi- 
ums by lines parallel to bases. For 
areas of circles, segments, zones, 
see tables of “ Key to Ster.” 


Bases and section same as No. 
118 of paraboloid. See table VIII, 
of “ Key to Ster.,” for areas of seg- 
ments. 


Same as No. 92. For area of 
circles to eighths, tenths & twelfths, 
see tables IL, III, and IV of “ Key 
to Ster.” For area of zone, see table 
IX, of same. Lateral surface de- 
composable into trapeziums. 


See “ Key toSter.,” fig. on page 
155, for mode of measuring half. 
way diameter, when the half solid 
is not the frustum of a cone, but 
that of a conoïid or of an ellipsoid 
or spheroid. When of a cone middle 
diameter equal to arithmetic mean 
of end diameters, 
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CLASS XIV. 


Sundry Solids. 


131 Three axed spheroid. 

See “ Key to Ster.,” page XXXIX. 
May for measurement be supposed 
to lie or stand on either of its sides 
or apices. 

Representative of a pebble, a bean, 
spindle, torpedoe, a shell fish, a 
flattened ellipsoid, ete., etc. 


132 An ovoid or solid of the 
shape of an egg. 

Divide into two or three sections 
and treat separately as conoid, 
segment of sphere or spheroid, and 
frustum of conoid. 


133 —Ciroular disc with round- 
ed edge. 

Treat as a compound solid, to 
wit : a flat or low cylinder,and 
a ring semi-circular or seg- 
mental in section. Add the 
results. 


184— Twisted prism. 

Portion of a circular stair rail a 
twisted pillar or column, spiral 
ornament, etc, 


All its sections, ellipses ; all its 
parallel sections, similar ellipses. 
For areas of ellipses, “Ster.” page 
51. Lateral area, see general for- 
mula, page 95, “Key to Ster.” Or, 
as with the spheroïd, suppose the 
surface divided as a melon is or 
orange into ungulae, terminating 
in apices or poles of the fig. 


Al parallel areas perpendicular 
to longer or fixed axis, ciroles, 
which find ready calculated for ail 
sized diameters to eighths, tenths 
and twelfths of an inch, or other 
unity of measure, tables IL, III, 
and IV., of Key to Ster. For late- 
ral area, see page 96 of same. 


For cylinder, see No. 61. For 
ring compute area of ‘section 
thereof as semi-circle or seg- 
ment, and multiply into circum- 
ference. For area, mean circum- 
ference of ring into circumference 
of section. 


Its bases and sections similar 
and equal figures. The lateral 
surface of each face can be deve- 
loped in a plane, a trapezium or 
rectangle. 


LE... D 
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135—A compound solid. 
Two frusta of cones, their 
lesser basses joined. 


axle-tree, etc. 


136—-A compound solid. 

Two frusta of hollow cones 
joined by their lesser bases. 

À windlass, apool, handle, shaft, 
axle-tree, etc. 


137—Compound solid. 
Two frusta of concave cones 
joined by their greater bases. 
À windlass, shaft, axle-tree, etc. 


138 - Compound solid. 

The segment or half of an 
elongated or prolate spindle, 
No. 151, and the segment or 
half of an oblate spindle, No. 
141, or the segment of a sphere 
or spheroid, classes XVII, and 
XIX., a buoy, etc. 


139 -—Compound solid like the 
last with hollow cone in- 
stead of spindle, 

À finial or other ornament, a 
cul-de-lampe or pendant. 


140 — Compound solid : the 
frustum of a sphere or sphe- 


Treat half the solid as the frus- 
tum of a cone, and double the 


- result, either for solid content or 
À windlass, spool, handle shaft, 


area of figure. 


Treat one half the solid as frus- 
tum of cone No. 102, and double 
the result. 

Lateral area resolvable into con- 
tinuous trapeziums. 


Treat half the solid, and double 
the result. For areas of circles, see 
tables II., IIL and IV. of Ster. 


Sections perpendicular to axis, 
ciroles ; Area resolvable into con- 
tinuous trapeziums, a circle 
and the sector of a circle. The 
circle at apex of segment of sphere 
or spheroïd ; the sector at apex of 
spindle. See page 55 of “ Key to 
Ster.” 


Sections perpendicular to axis, 
ciroles. Lateral surface, conti- 
nuous trapeziums, a circle, and 
the sector of a cirole at apex of 
cone. 


ciroles. 
surface resolvable into 


Bases and sections, 
Lateral 
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roid and a hollow cone. 

A Moorish dome, a minaret, 
chimney of a coal oil lamp, a 
decanter, a vase, a pitcher. 


continuous trapeziums. See 


general formula, page 95 of “ Key 


to Ster.” 


CLASS XV. 


Oblate or Flattened Spindle, Frusta, Segments, 
Sundry. 


141 —Oblate spindle, as two 


equal segments of sphere or 


spheroid base to base. 
A quoit, etc. 


142-—Semi-oblate spindle by a 
plane parallel to fixed axis. 
Floating caisson to entrance of 


dock, etc. 


143— Middle frustum of oblate 
spindle. 
Fixed caisson or 
Treat as prismoid. 


coffer-dam. 


144--Lateral frustum of oblate 
spindle, between planes pa- 
rallel to fixed axis. 
A flat-bottomed boat or other 
sailing vessel or a caisson, etc, 


Treat one half as segment of 
sphere or spheroid, and double the 
result. See classes 17 and 19. 


Treat its two halves together as 
one segment of sphere or spheroid. 
See classes 17 and 19. 


The bases and middle section 
each, a double segment of a 
circle or ellipsis, or two seg- 
ments thereof, base to base. 
Table VIIL., “ Key to Ster.” 


The bases and section half-way 
between them, double segments 
of circles or ellipses, for areas | 
of which see table VIII. “ Key to 
Ster.,” and page 53 of same. 
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145—Lateral frustum of oblate 
spindle truncated at one 
end. 
A flat-bottomed boat or other 
sailing vessel. 


146—Lateral frustum of oblate 
spindle truncated at both 
ends. 
À flat-bottomed boat or pontoon, 
a scow, lighter, etc. 


147—Quarter of an oblate sphe- 

roid, No. 181. 

The arched ceiling, roof or vault 
of the apsis of a church or half- 
groined ceiling of a circular apart- 
ment. On its lesser base, the head 
of a shallow niche in a wall, etc, 


148-——A compound body, a cone, 
and the segment of a sphere 
or spheroid. 

A buoy, covered filter, etc. 


149 —Elliptio ring, or may be 
called an eccentric ring. 
Treat as circular or cylindrical 

ring, taking for bases, its least, its 

greater, and its mean sections ; a: 1d 
for length the mean of the inner 
and outer circumferences. 


‘semi-circles, 


Bases and middle section, double 
segments, base to base. of 
circles or ellipses truncated at 
one end. For areas, see page 57 
« Key to Ster.” 


Bases, double segments of 


circles or ellipses truncated at 


both ends. Divide into trapeziums 
and compute areas by page 57 
“ Key to Ster.” 


Its base and middle section, 
if treated on ïts 
broader base ; if on its lesser face, 
its base and middle section, semi- 
ellipses. On whatever base it 
stands, treat as if on broader base, 
it being easier to compute circles 
than ellipses. 


Treat separately as cone No. 81, 
and as segment of sphere, No. 173, 
or of spheroïid No. 182. 


Compute half of solid as the la- 
teral frustum of a half-prolate spin- 
dle or the frustum of an elongated 
cone. The solid may be conceived 
to be formed of the middle frustum 
of an elongated spindle bent till its 
ends meet, 
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150 -Compound solid : a cylin- 
der and the segment of a 
spere or speroid. 

À mortar, a tower with domed 
roof, a hall or room with groined 
ceiling, a hut, hive, hood. 


For area of sphere or spheroid, 
see page 95 “ Key to Ster.,” or page 
105, 110, 124, Ex. 3. Areas of cir- 
cles tables IL, III. and IV. of same. 
Half-way diameter in segment of 
circle or sphere a mean proportio- 


nal between abscissae of diameter. 


CLASS XVI. 


Prolate or Elongated Spindle, Frusta, Segments, etc. 


151-—Prolate spindle. 
À shuttle, a torpedoe, a cigar, a 
gheath, case, etc. 


152--Semi-prolate spindle by «a 
plane through its greater or 
fixed axis. 

A boat or sailing vessel, a canoe, 
etc. 


153—Semi-prolate spindle by a 
plane perpendicular to fixed 
axis. 

À but, roof, filter or vessel of ca- 
pacity, a minaret or finial. 


154 Middle frustum of pro- 
late spindle between planes 
perpendicular to fixed axis. 
À cask or keg, puncheon, hogs- 

head, etc. ; see page 155 “ Key.” 


Its sections perpendicular to axis, 
circles. Decomposeits lateral area 
into continuous trapeziums and 
a sector. 


For solidity, compute planes per- 
pendicular to fixed axis, as seg- 
ments of circles, semi-circles, 
while the sections parallel thereto 
are not 80 readily computed. 


For greater aequracy, divide into 
a frustum and segment, compute 
and add cubical contents. Areas of 
bases, tables IL, IIL and IV. of 
“ Key to Ster. ” 


See page 149 of “ Key to Ster.,” 
and for lateral surface, page 96 of 
same. See page 155 of same. Bases 
and sections, circles, tables IL, IIL 
and IV. of Key to Ster,” 
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155—Semi-middle frustum of 
prolate spindle. 
The liquid in a cask lying on its 
side, a boat with truncated ends. 
Compute as No. 154 and take half. 


156—Lateral frustum of pro- 
late spindle by planes paral- 
lel to fixed or longer axis. 
À flat-bottomed boat or other 
sailing vessel. 


157—Eccentrio frustum of a 
prolate spindle by planes 
perpendicular to fixed or 
larger axis of solid. 

The shaft of a Roman column. 

Compute each frustum from centré 

and add the results. 


158— Middle frustum of elon- 
gated spindle by planes per- 
pendicular to fixed or longer 
axis. 

The shaîft of a windlass, a drum 
or pulley, a cigar, torpedoe, etc. 


159—A ourved halfspindle or 
cone. 
A horn, powder flask, tusk or 
tooth of an elephant, etc., a sup- 
porting bracket from face of wall. 


Bases and middle section, $emi- 
cireles, see page 160 of “ Key to 
Ster.” Lateral surface decomposa- 
ble into trapeziums. 


Treat as prismoid, the greater 
base, a double segment of a cir- 
cle. The other base and section, 
oval figures for areas of which 
see page 57 of “ Key to Ster.” 


Ïts bases and sections, cirecles, 
for areas of which to eighths, tenths 
and twelfths of inch or other unit 
of measure, see tables II., ITIL and 
IV., “ Key to Ster. ” 

Its lateral surface decomposable 
into continuous trapeziums, or 
nearly equal to length of side into 
mean circumference. 


Its bases and sections, circles, 
for areas of which see “ Key to 
Ster.,” page 38, or tables IL, IIL. 
and IV. of same. 

Lateral area equal nearly length 
of curved side into mean of circum- 
ferences. 


Base and sections circles or 
ellipses of slight eccentricity. 
Lateral area decomposable into con- 
tinuous trapeziums and sector 
at apex. 
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160—F'rustum of a prolate spin- 
dle between non parallel 
bases. 

Decompose into a frustum 
with parallel bases and an un- 
gula by a plane through nearest 
point of one of the bases. 


Base and sections parallel thereto, 
cireles, base of ungula a cirele ; 
middle base of ungula, a semi-cir- 
cle; apex of ungula or opposite 
base, a point ; lateral surface, con- 
tinuous trapeziums, and a fig. 
like b, page 57 “ Key to Ster.” 


CLASS XVII. 


! 


Sphere, Segments, Frusta and Ungulas, etc. 


161 -The sphere. 

À billiard or other playing ball, 
the ball of a vane or steeple, sphe- 
rical shot and shell, school spheres, 
lamp globe or well, component part 
of compound solid, etc. Solid con- 
tent may be had by computing one 
of the component ungulae and mul- 
tiplying into number thereof. 


162.—A hemisphere. 

A dome, arched celling, globe, 
shade, cover, hut,hive, etc. ; revers- 
ed : a bowl, cauldron, copper, vase, 
etc. 

Contents more easily computable 
as half of those of a whole sphere, 
where there is no intermediate dia- 
meter to calculate or measure, 


The opposite bases, points ; the 
middle section, a circle. The area 
of surface admits of approximate 
development into a series of equal 
figures in the shape of the longitu- 
dinal section of a prolate spindle, 
or of double segments of a cir- 
cle, base to base. 

Surface equal to four great cir- 
cles or to four times that of à great 
circle. 


Its base, a circle ; opposite base, 
a point ; its middle section, a cir- 
cle, the half diameter of which 
equals the square root of the rec- 
tangle under the versed and su- 
versed saines or portions of the dia- 
meter of the sphere. The lateral 
area equal to two great circles of 
the sphere, | 
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163.—-Segment of a sphere less 
than a hemisphere. 
Representative of same objects 
es No. 162, cover or bottom of a 
boiler. Solid contents also equal to 
one of the component ungulae into 
the number thereof. 


164. Segment of sphere, great- 
er than a hemisphere. 
Representative of same as No. 

162, and of a Moorish or Turkish 

or horse-shoe dome. 


165. — Middle frustum of a 
sphere. 
Base, capital or middle section of 
a column or post, a puncheon, hogs- 
head, crusher, roller, lamp shade, 
_etc., etc. 


166. — Lateral frustum of 
sphere. 

Base or capital of column, coved 
ceiling, cauldron, dish, soup plate, 
saucer, etc. Radii of bases and sec- 
tions proportional to square roots 
of rectangles of portions into which 
such radii or ordinates divide the 
diameter of which the solid forms 
a part. 


Base and section, cireles ; other 
base, a point; radius of middle 
section for area thereof, equal to 
root of rectangle of parts into which 
it divides the diameter of the sphere 
of which the segment forms part. 
For lateral area see $ Key to Ster.,” 
page 110, or General Formula, 


page 95. 


Its base and section cireles ; 
other base a point ; radius of middle 
section the root of rectangle of 
parts into which it divides diameter 
of sphere. Lateral area, see “ Key 


to Ster.,” pages 117 and 123. 


Bases, equal circles ; middle 
sections, a circle: see tables of 
areas of cireles to eighths, tenths, 
and twelfths of an inch or other 
unity of measure, IL, III, and IV. 
of “ Key to Ster. ” 


Bases and section, circles; lateral 
area resolvable into continuous 
trapeziums ; or lateral area may 
be had very nearly at one operation, 
if the frustum be low or flat and 
that its lateral curvature be not 
considerable, 
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167.—Sherical wedge or oen- 
tral ungula of a sphere by 
planes from opposite edges 
of base of hemisphere to 
meet in apex. 
Component portion of a com- 
pound solid. , 


168.—Frustum of a spherical 
wedge or central ungula 
between parallel planes. 
Component portion of compound 
golid. 


169 —Spherical pyramid, ob- 
tuse-angled and triangular. 
Illustrative of the tri-obtuse- 

angular spherical triangle, and of 

the fact that the sum of the angles 
of a spherical triangle, may reach 
to six right angles, when each of the 
component angles increases to 180°. 





170.—Frustum of sphere be- 
tween non-parallel bases. 
Elbow or connecting link between 
two portions of a rail or bead ; base 
of a vase or other ornament on a 
raking cornice. 


Its base, a circle ; opposite base, 
a ridge, or axis, or line ; middle 
section, the zone of a circle; its 
plane faces, circles; and lateral 
area resolvable into trapeziums 
and triangles 


Base, a circle ; other base and 
middle section, zones of circles. 
For areas of zones, see table IX., 
“ Key to Ster. ” 


Base, a spherical triangle 
haviug three obtuse angles; 
apex or opposite base, a point ; 
middle section, a similar tri- 
obtuse angular spherical trian- 
gle, and whose area is equal to 
one-quarter that of base, its factors 
being halves of those of base, and 


3 xX i=t. 


Decompose into frustum and un- 
gula of a sphere by a plane parallel 
to one of the bases and passing 
through nearest point of other base 
or more readily and exactly, com- 
pute whole sphere, and deduct seg- 
ment, 
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CLASS XVIII. 


Spherical Ungulaes, Sectors, Pyramids and Frusta. 


171 —Quarter-sphere or rectan- 
gular ungula of a sphere. 
Domed roof to a semi-circular 

plan, vault of the apsis of a church, 

head of a niche, “ Key to Ster., ” 


page 117. 


Compute as a whole sphere, and 
divide by 4, or treat as an ungula. 
See opposite par. 


172.— Acute-angled spherical 

ungula. | 

Component portion of the ball of 
a vane or steeple; natural section 
of an orange, or of a ribbed melon, 
section of a buoy, cauldron, etc. 
etc, elbow of two semi-cylindrical 
mouldings, etc., at an obtuse angle. 


173 —Obtuse-angled ungula of 
a sphere. 
Head of niche reaching into a 
sloped ceiling; elbow of two half- 
beads at an acute angle, etc. 


On its base : one base, a semi- 
circle; opposite base, a point; 
middle section, the segment of a 
circle. On end : each of its oppo- 
site bases, points; its middle sec- 
tion, the sector of a circle. Only 


one area to compute, and easier and 
quicker than a segment. 


Its opposite bases, points ; its 
middle section, the sector of a 
cirole ; the spherical surface, the 
component of a hollow metallic or 
other sphere or spherical vessel, or 
of the covering for a racket or other 
playing ball, etc. 

For spherical area see “ Key to 
Ster.,” page 117. 


Opposite bases points; middle 
sections, the sector of a circle; 
its plane faces, semi-cireles. Sphe- 
rical area, page 117 “ Key to Ster.” 
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174 - Spherical sector or cone, 
or, to avoid computing spherical 
areas, may be treated as a com- 
pound body, a cone and the 
segment of a sphere. 

À buoy, a finial or ornament, a 
top, ete, a coxered filter. For areas 
of circles see tables II, III and IV, 
of “ Key to Ster.” 


175—Frustum of a spherical 
sector between parallel 
spherical bases. 

Portion of a shell or bomb or 
hollow sphere. To avoid comput- 
ing spherical areas, treat as frus- 
tum of cone, adding greater and 
deducting lesser segment. 


176—Hexagonal spherical py- 

ramid. 

Its base illustrative of a spherical 
polygon, page 127 of “ Key.” 

Component portion of a solid 
sphere or ball; keystone of a vault, 
finial or other ornament ; decompo- 
sable for computation into six equal 
triangular spherical pyramids, “Key 
to Ster.” page 129. See rule for 
spherical areas at end of this pam- 


phlet. 


177—Frustum of hexagonal 
gpherical pyramid between 
parallel bases. ° 
Keystone of vault. Component 


Its base, a spherical segment : 
the other base, a point; middle 
section, a spherical segment con- 
centric to the base and equal in area 
one quarter of base ; its height equal 
to radius of sphere, its lateral face 
developed, the sector of a circle. 
See “ Key to Ster.,” page 110. 


Its bases and middle section pa- 
rallel thereto, concentrie and si- 
milar segments of spheres of 
corresponding radii. Its height 
the length of slant side. Solidity 
also equal to difference between 
whole and partial spherical sectors. 


Its base, a regular six-sided 
spherical polygon; its middle 
section a figure similar to the last, 
and equal in area to one-quarter 
thereof ; its opposite base, a point, 
the centre of the sphere of which it 
forms part. For area of base, see 
Key toSter.,” page 127. For area 
of component spherical triangle of 
base, see page 123 of same. Îts 
plane faces equal sectors cf a 
circle. 


Its bases and middle section, si- 
milar spherical polygons ; factor 
of middle section, as in cone, an 
arithmetic mean between those of 
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portion of hollow sphere. Surfaces 
illustrative of similar spherical po- 
lygons. Height of solid equal slant 
height of side. 


178— Half-quarter or one- 
. eighth of sphere or tri-rec- 
tangular spherical pyramid. 
Termination or stop to chamfer 
on angle of wall or pillar. 
Compute whole sphere and di- 
vide by eight. 


179— Acute equilateral trian- 
gular spherical pyramid. 
Its base illustrative of the equi- 
lateral spherical triangle. 


180—Frustum of triangular 
spherical pyramid. 
Illustrative in its bases of simi- 
lar spherical triangles. Keystone of 
a vault to a triangular plan. 


the bases. Its lateral faces, equal 
frusta of equal sectors of a cir- 
ele, or cencavo - convex trape- 
ziums. See rule at end ofthis work. 


Its base illustrative of the tri- 
rectanguler spherical triangle, 
page 123 of “ Key.” 

May compute for solid contents 
as the half of an ungula where 
only one area is required, that of a 
sector of a circle. See rule at end 
of this work. 


Base and middle section similar 
equilateral spherical triangles, 
for areas of which, see “ Key to 
Ster.,” page 123, and rule at end 
of this work. 


Bases and middle section, simi- 
lar spherical triangles whose 
areas are as the squares of the cor- 
responding  radiüi; or factors of 
middle section, arithmetic means 
between those of the opposite bases. 


CLASS XIX. 


Oblate Spheroid, Frusta and Segments. 


181—Oblate spheroid. 
Representative, in a less exag- 

gerated ratio of its diameters or axes, 

of the Earth and planets which are 


Treated perpendicularly to its 
fixed axis, its opposite bases are 
considered points, as in the sphere, 
a plane touching the solid only in 
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flattened at the poles or extremities 
of fixed axis and protuberant at the 
equator. An orange, lamp-shade, or 
globe, or bowl. 


182-— Semi-oblate spheroid by 
a plane perpendicular to its 
fixed or lesser axis. 

Elliptical celling, dome, cauldron, 
baain, dish, vase, shade, globe, etc. 


183—Semi-oblate spheroid by 
a plane parallel to its fixei 
or lesser axis 
Dome or ceiling to an elliptic 
plan; glass globe, or shade, dish 
cover, hut,a trough, cauldron, etc. 


184—Segment of oblate sphe- 
roid, greater than half by a 
plane perpendicular to fixed 
axis, 
Turkish, Moorish or horse-shoe, 
dome or ceiling; a cauldron or cop- 
per, etc. 


185 — Middle frustum or solid 
zone of an oblate spheroid be- 
tween planes perpendicular to 
fixed or shorter axis. 

Representative of same as No. 
165. 


a point; its middle section, a 
circle. If cousidered parallel to its 
fixed axis, its middle section, an 
ellipsis. For spheroiïdal surface or 
area, see N. 161. 


Base, a cirole ; opposite base, a 
point ; middle section, a circle ; 
for diameter of which, if not from 
direct measurement, see “ Key to 
Ster.,” page 139, line 10 and page 
140, line 20. 


Equal in area and solid contents 
to No. 182 and of easier and quic- 
ker computation, if considered 
such, the factors being circles 
instead of ellipses. As it stands, 
its base and middle section, simi- 
lar ellipses. 


Its base and middle section, 
circles ; opposite base, point. 
Spheroidal surface continuous 
trapeziums and a cirole at apex. 
For areas of circles, see tables II. 
IIT. and IV. of “ Key to Ster.” For 
factors of middle section, see No. 
182. 


Opposite bases and middle sec- 
tion, circeles ; for areas of circles 
to eighths, tenths and twelfths of 
an inch or other unity, see tables 
IT, LIL and IV. of “Key to Ster.” 
Spheroidal area, see page 95 of 
same, 
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186 - Middle frustum or solid 
zone of oblate spheroid by 
planes parallel to fixed or 
lesser axis of solid. 


187—Segment of oblate sphe- 
roid less than half, by a 
plane parallel to its fixed or 
lesser axis. 
Representative of same as as No. 
183. 


188 - Lateral frustum of oblate 


spheroid by planes parallel 

to fixed or shorter axis. 

Coved ceiling of elliptic plan ; re- 
versed : a boat, a scow, a vessel of 
capacity, etc. 


189— Halt or segment of oblate 
spheroid by a plane inclined 
to axis of solid 
Liquid or fluid in a semi-sphe- 

roidal vessel inclined from the ver- 

tical Finial on a pediment or 
sloped surface. 


190—Frustum of oblate sphe- 
roid between non-parallel 
bases. 

Decompose into a frustum with 
parallel bases, and an ungula by 
a plane parallel to one base and 
drawn through nearest point of 


Its bases and middle section si- 
milar ellipses, for areas of which 
see page 51 of “Key to Ster.” 
Spheroïidal area, page 95 of same, 


Its base, an ellipsis ; opposite 
base, a point ; middle section, an 
ellipsis similar to base. For fac- 
tors of middle section, see No. 182. 


Its opposite parallel bases and 
middle section, ellipses, for areas 
of which see “ Key to Ster.” p. 61. 

Its spheroidal surface decompos- 
able into continuous trapeziums 
of variable height. 


Its base and middle section, si- 
milar ellipses ; its opposite base, 
a point ; its spheroidal surface tra- 
peziums, with ellipsis at apex 
and a curvilinear triangle at 
base of shape similar to fig. h. page 
57 of “Key to Ster.” or lateral 
area may be divided and computed 
as triangles, 


Bases and middle section of com- 
ponent frustum with parallel bases, 
ellipses ; base of ungula, an ellip- 
ais ; middle section of ungula the 
segment of an ellipsis ; its other 
base, a point. | 

For factors of middle sections, 
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other base, or compute whole sphe- 
roïid and deduct segments. 


see “ Key to Ster.,” page 139, line 10 
and page 140, line 20, where AB : 
CD'::y 40.0B:0M andCD: AB:: 
V/Co.0D: 0M. 


CLASS XX. 


Prolate Spheroid, Frusta and Segments. 


191—Prolate spheroid 
Representative of a lemon, melon, 
cucumber, etc. ; a case, sheath, etc. 


. The work of computation expe- . 


dited by treating circles instead of 
ellipses ; that is, areas perpendicular 
instead of parallel to fixed axis. 


192-—Semi-prolate spheroid by 
a plaue parallel to fixed axis. 
Vaulted ceiling to elliptic plan; 
reversed : a boat or other saïiling 
vessel, a cauldron or vessel of ca- 
pacity, etc., etc. 


193 -Semi-prolate spheroid by 


a plane perpendicular to 

fixed axis. 

À hive, hut, roof or dome to cir- 
cular tower or apartment; reversed : 
a copper or boiler. 


Its middle section perpendicular 
to fixed or longer axis, a circle; 
its opposite end bases, points. 
Spheroidal surface, continuous’ 
tranezoids, or a series of double 
segments base to base as the 
component ribs a of melon. May 
treat as plane segment with length 
of cord equal to semi-elliptical seo- 
tion. 


For solid contents and spheroidal 
surface, treat perpendicular to fixed 
axis, Where factors are cireles or 
semi-circles instead of ellipses. 
For areas of circles, see tables IL, 
IIL and IV. of “ Key to Ster.” 


Base, a circle; other base, a 
point; middle section, a circle. 
For radius of middle section, see 
formula uiven in No. 190, or at 
page 139, line 10, page 140, line 
20 of “ Key to Ster.” Spheroidal 
area, see No. 191. 
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194- Segment of prolate sphe- 
roid greater than half, by a 
plane perpendicular to fixed 
axis. 

À hut, hive, dome, a cauldron or 
copper, etc. 


195— Middle frustum or solid 
Zone of prolate spheroid by 
parallel planes perpendicu- 
lar to fixed axis. 

À cask, keg, barrel, puncheon, 

hogshead, etc., “Key.” page 138. 


196— Middle frustum or solid 
zone of prolate spheroid by 
parallel planes oblique ÿo 
axIs. 

À boss on raking strut, etc. 


197—Lateral frustum or solid 
zone of prolate spheroid by 
planes perpendicular to fixed 

a XI. 

Coved ceiling, base of column, 
etc. ; reversed: capital of column, 
dish, basin, bowl, tub, hamper or 
basket, stew pan, cauldron or other 
vessel of capacity, etc., etc. 


Base and middle section, circles; 
its other base, an apex or point. 
Its spheroidal surface resolvable 
into continuous trapeziums and 
a oirole at apex. 


End bases, equal circles; mid- 
dle section, a oircle. Unlike the 
middle frustum of a spindle, the 
solid contents of this solid are ob- 
tained exactly by treating the whole 
figure at once. 


Opposite bases and middle sec- 
tion, similar ellipses. Spheroidal 
surface, trapeziums of which take 
mean height. 


Bases and section, circles, for 
areas of which see tables IL, III. 
and IV. “ Key to Ster.” For dia- 
meter of middle section, measure 
solid or compute by formula of 
page 139, line 10 ; page 140. line 
20, where it is shown that the rect- 
angle under the required radius, 
and either axis of the spheroid, is 
equal to that under the square root 
of the rectangle or product of the 
abscissæ of the first axis and the 
other axis. 
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198 - Lateral frustum or solid 
zone of prolate spheroid by 
planes parallel to each other, 
and to longer or fixed axis. 
Coved ceiling of elliptical plan, 

etc. ; reversed : a flat-bottomed boat, 

a scow, a dish, basket, etc., etc. 


199 —Segment of prolate sphe- 
roid by a plane inclined to 
axis. 

Liquid in spheroïdal vessel in- 
clined from the vertical, a scoop, 
scuttle, ete. 


200—Frustum ofprolate sphe- 
roid between non-parallel 
planes. 
The one, perpendicular to fixed 
axis, the other oblique or inclined 
thereto. 


Its parallel bases and middle 
section, similar ellipses ; for areas 
of which see “Key to Ster.” page 
51. Its lateral area resolvable into 
continuous trapeziums of vary- 
ing height if parallel to bases, but 
of uniform height, if lines be drawn 
from extremities of fixed axis. 


Its base and middle section, si- 
milar ellipses ; its other base, a 
point ; its spheroidal surface re- 
solvable by circles drawn from ex- 
tremity of fixed axis, into a cirole, 
trapeziums and a triangle. 


Decompose into frustum with 
parallel bases, and an ungula. Com. 
pute separately, and add ; or com- 
pute whole segment due to frustum 
and deduct lesser segment, 


THE AREAS OF 
SPHERICAL TRIANGLES & POLYGONS 


TO ANY RADIUS OR DIAMETER. 


Read before the mathepnatical, physical and chemical section of the 
Royal Society of Canada, May 22nd 1883. 


Last year I laid before this section of the Royal Society my pro- 
posal to substitute in schools the prismoidal formula for all other known 
formulae pertaining to the cubing of solid forms. 


I then showed that on this sole condition, the computation of soli- 
dities, even the most difficult by ordinary rules, as of the segments, 
frusta and ungulae of Conoïds and Spheroids, was susceptible of gene- 
talisation and of being taught in the most elementary institutions. 


I then submitted that the advantage of the proposed system con- 
sisted in this; that while he who had gone through a course of mathe- 
matics would, in three months thereafter or out of college, have complete- 
ly forgotten or have inextricably mixed up in his mind the numerous 
and ever varying formulae for arriving at the contents of solids ; the 
simple artisan, on the contrary, who at an elementary, school would have 
been taught the universal formula, and who from the fact of having to 
learn but one, could not forget it nor mixit up in his mind with any 
others, could apply it always and everywhere during a life time without 
the aïd even of any book excepting may be, to save time, a table of the 
arvas of circles or of other figures lengthy of computation, 
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What I then did for the measurement of solid forms, I now propose 
to do for the mensuration of areas of spherical triangles and polygons 
on a sphere of any radius; Î mean a simple and expeditious mode of 
getting at the doubly curved area of any portion of the terrestrial 
spheroid as of every sphere great or small : interior or exterior surface of 
a dome for example or of one of its component parts, as well of the bot- 
tom or roof of a gasometer, boiler, or of one of the constituent sections 
thereof, descending even to the surface of the ball of a spire, a shell, a 
cannon or & billard hall. 


TO THIS END : 

The area of a sphere to diameter I. being =3.141,592,653,589,793-—L 
Dividing by 2, we get that of the hemisphere =1,570,796,326,794,896,5 
This divided by 4=area of tri-rectgl'r sph. triangle —=0,392,699,081,698,724,1 
—-90=area of 1° or of bi-rect. sph. tri. with sp. ex=—1° —0,004,363,323,129,985,8 
=60= “ oflorof 4“ 4« « “ 1 —0,000,072722,052,16643 
=60= 4 ofl’orof 4 « « “ 1” —0,000,001,212,034,202,77 
10= “ of0.J”orof #  «u « « 0.1?” —0,090,000,121,203,420,277 
—10= “ of 0.01” or of “ «4 # 0.012” —0,000,000,012,120,342,027,7 
=10—= “ o0f0.001"orof#  “ ü “ 0.001” —0,000,000,001,212,034,202,77 


Find the spherical excess, that is, the excess of the sum of the 
three spherical angles over two right angles, or from the sum of the three 
spherical angles deduct 180°. Multiply the remainder, that is, the 
spherical excess, by the tabular number herein above given: the degrees 
by the number set opposite to 1°, the minutes by that corresponding to 
1’ and so on of the seconds and fractions of a second ; add these areas 
and multiply their sum by the square of the diameter of the sphere of 
the surface of which the given triangle forms part ; the result is the area 
required. 

EXAMPLE. 

Let the spherical excess of a triangle described on the surface of a 
sphere of which the diameter is an inch, a foot, or a mile, ete., be 3°— 
4 — 2,235". What is the area ? 

Area of 19 = 0.004,363,323,129,985,8 X 3 — 0.013,089,969,389,955 

u 1 — 0.000,072,722052,16643 X 4 — 0.000,290,888,208,664 

u 1’ 0.000,001,212,034,202  X 2 — 0.000,002,424,068,404 

& 6.1” —0.000,000,121,203120  X 2 — 0.0U0,000,24:,406,840 

& 0.01” = O.OULUUUUIZIAU,BL2 XX 3 — 0.000,000,036,361,026 

“ 0.001” = 0.000,000,001,212,034 X 5 — 0.000,000,006,060,170 


Area required 0.013,383,566,495,059 
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The answer is of course in square units or fractions of a square nnit 
of the same name with the diameter. That is, if the diameter is an inch, 
the area is the fraction of a square inch; if a mile, the franction of a 
square mile, and 80 on. 


Remark.— If the decimals of seconds are neglected, then of course 
the operation is simplified by the omission of the three last lines for 
tenths, hundredths and thousandths of a second or of so many of them 
as may be omitted. 


If the seconds are omitted, as would be the case in dealing with 
any other triangle but one on the earth’s surface, on account of its size ; 
there will in such case remain only the two upper lines for degrees and 
minutes, which will prove of ample accuracy when dealing with any 
triangular space, compartment, or component section of a sphere of 
the size of a dome, vaulted ceiling, gasometer, or large copper or boiler, 
etc ; and in dealing with such spheres as a billiard or other playing 
ball, a cannon ball or shell, the ball of a vane or steeple, or any boiler, 
copper, etc., of ordinary size, it will generally suffice to compute for 
degrees only. Whence the following 

RULE TO DEGREES ONLY. 


Maultiply the spherical excess in degrees by 0.004,363 and the 
result by the square of the diameter for the required area. For greater 
accuracy use—(0.004,563,323. 

RULE TO DEGREES AND MINUTES. 


Proceed as by last rule for degrees. Multiply the spherical excess 
in minutes by 0.000,073, or for greater accuracy by 0.000,072,722. Add 
the results, and multiply their sum by the square of the diameter for the 
required area. 

EXAMPLE I. 

Sum of angles 140° + 92° +68° = 300 ; 300 — 180 — 120° sphe- 

rical excess. Diameter — 30. Answer area of 1° 0.004,363 





Maultiply by spherical excess 120° 
We get 0.523,560 
This multiplied by square of diameter 30= 900 


Required area — 471.194,000 
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. À result correct to units. If now greater accuracy be required, it is be 
obtained by taking in more decimals ; thus,say area 1°— 0.004,363,323 
| 120 


0.523,598,760 
900 


471.238,884,000 








EXAMPLE II. 


The three angles each 120° their sum 360°, from which deducting 
180° we get spherical excess = 180°. Diameter 20, of which the square 
= 400. . | 

ANDSWEP sons vocoersose neo see one Area to 1°= 0.004,363.323 
180 


0.785,398,140 
400 








314.159,256,000 
EXAMPLE III. 


The sum of the three angles of a triangle traced on the surface of 
the Terrestrial sphere exceeds by (1”) one second, 180° ; what isthe area 
of the triangle, supposing the Earth to be a perfect sphere with a diame- 
ter = 7,912 English miles, or, which is the same thing, that the diame- 
ter of the Terrestrial spheroïd or of its osculatory circle at the given 
point on its surface be 7,912 miles. 

Answer. Area of 1” to diameter 1.— 0.000,001,212,034,202 

Squafe of diameter 62,598,744 








75.871,818,730,242,288 

Remark.—This unit 75.87 etc., as applied to the Terrestrial sphere, 
becomes a tabular number, which may be used for computing the area 
of any triangle on the earth's surface, as it evidently suffices to multiply 
the area 75.87 etc., corresponding to one second {1”) by the number of 
seconds in the spherical excess, to arrive at the result : and the result 
may be had true to the tenth, thousandth, or millionth of a second, or of 
any other fraction thereof by successively adding the same figures 
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756.87 etc., with the decimal point shifted to the left, one jlace for eVerÿ 
place of decimals in the given fraction of such serond : the tenth of & 
second giving 7.587 etc., square miles, the 0.01” —.7587 of a square 
mile, the 0.001”=—.07587 etc., of a square mile, and so on; while, by 
shifting the decimal point to the right, we get successively 10” — 758.7 
square miles, 100” = 7587. ete., square miles, or 1° = 73.87 X 60 (num- 
ber of seconds in a minute), 1°= 75.87 X 60 x 6U (number of seconds 
in a degree). 


RULE. 


To compute the area of any spherical polygon. 
Divide the polygon into triangles, compte avh triangle separately 
by the foregoing rules for triangles and add the results. 


OR, 


From the sum of all the interior angles of the polygon subtract as 
many times two right angles as there are sides less two. This will give 
the spherical excess. This into the tabular area for degrees, minutes, 
seconds and fractions of a second, as the case may be, and the sum of 
such areas into the square of the diameter of the sphere on which the 
polygon is traced, will give the correct area of the propused figure. 


It may be remarked here that the area of a spherical lune or the 
convex surface of a spherical ungula is equal to the tabular number into 
twice the spherical excess, since it is evident that every such lune is 
equivalent to two bi-rectangular spherical triangles of which the angle 
at the apex, that is the inclination of the planes forming the ungula, is 
the spherical excess. 


Remark.—The area found for any givan spherical excess, on a 
sphere of given diameter, may be reduced to that, for the same spheri- 
cal excess, on a sphere of any other diameter ; these areas being as the 
squares of the respective diameters. 


The area found for any given spherical excess on the earth’s sur- 
face, where the diameter of the vsculatory circle is eupposed to be 7912 
miles, may be reduced to that for the same spherical excess where the 
osculatory circle is of different radius ; these areas being as the squares 
of the respective radii or diameters. 


ON THE APPLICATION OF THE 


PRISMOIDAL FORMULA 


TO THE MEASUREMENT OF ALL SOLIDS 


By CHS. BAILLAIRGÉ, M. A, 


Member of the Soclety for the (teneralisation of Education in France, and of several learned 
aad scientific Societies, Chevalier of the Order of St. Sauveur de Monte-Reaie, Italy, 
&c. Recepient of 13 medals of honor and 17 diplomas and letters from Russia, France, 
Italy, Beigium, Japan, &c. Member of the Royal Society of Canada. 
Read before the mathematical section of the Society on Saturday the 28th of May. 
188. 


“ Cette formule v=i ce + B’ + 4M) (Says “the late Revd, N. 
“ Maingui of the Laval University) que Mr. Baillargé travaille à 
“ vulgariser, a l'immense avantage de pouvoir remplacer toutes les 
“ autres formules de stéréométrie,” 


The prismoidal formula reads thus: “ To the sum of the opposite 
and parallel end areas of a prismoid, add four times the middle 
area and multiply the whole into one sixth the length or height of the 
solid.” | 





* See this formula at article ‘‘ Stéréométrie of ‘ Le grand dictionnaire universel du XIXème 
siècle par P. Larousse. 
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The following letter from the Minister of Education, Russia, may 
be considered interesting in its bearings on the subject matter of this 
communication 


MINISTERE DE L'INSTRUCTION PUBLIQUE. 


Saint-Petersburg, le 14 février 1877. 


No. 1823. 
A M. BAILLAIRGÉ, 


Architecte à Québec, 


Monsieur, 


Le comité scientifique du ministère de l’Instruction Publique, (de 
Russie,) reconnaissant l’incontestable utilité de votre “ Tableau Stéréo- 
métrique” pour l’enseignement de la géométrie en général de même que 
pour son application pratique à d’autres sciences, éprouve un plaisir tout 
particulier à joindre aux suffrages des savants de l’Europe et de l’Amé- 
rique sa complète approbation, en vous informant que le susdit tableau, 
avec toutes ses applications, sera recommandé aux écoles primaires et 
moyennes, pour en compléter les cabinets et les collections mathéma- 
tiques, et inscrit dans les catalogues des ouvrages approuvés par le 
ministère de l’Instruction Publique. 


Agréez, monsieur, l’assurance de ma haute considération. 
Le chef du département au ministère de l’Instruction Publique, 


E. DE BRADKER, 
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The following extract from the Quebec Mercury, J'uly 10, 1878 
further corroborates its importance. 


« It will be remembered that in February, 1877, Mr. Baillairgé re- 
ceived an official letter from the Minister of Public Instruction, of St. 
Petersburg, Russia, informing him that his new system of mensuration 
had been adopted in all the primary and medium schools of that vast 
empire. After a lapse of eighteen months, the system having been found 
to work well, Mr. Baillairgé has received an additional testimonial from 
the same source informing him that the system is to be applied in all 
the polytechnic shools of the Russian Empire.” 


Should the Royal Society of Canada prove instrumental in the 
introduction of the new system throughout the remainder of the 
civilized world. It will have shown that its creation by the Marquis of 
Lorne, the Govr. Gen. of Canada, has been in no way premature. 


The definition of a prismoid as generally given is understood to 
apply to a solid having parallel end areas bounded by parallel sides. 


This parallelism of the sides or edges of the opposite bases or end 
areas does not imply, not does it exclude any proportionality between 
such sides or edges. 


Therefore is the frustum of a pyramid a prismoid, as also that of a 
cone which is nothing but an infinitary pyramid, or one having for its 
base a polygon of an infinite number of sides. 


Now let two of the parallel edges of either base of the frustum 
approach each other until they meet or merge in a single line or arris, 
when we have the wedge which 1s therefore to all intents and purposes 
a prismoid. 


Further let this edge or arris become shorter and shorter until it 
reduces to a point and then have we the pyramid which is again a pris- 
moid, as is the cone. 


It need hardly be said that the prism and cylinder are prismoids, 
whose opposite edges are equal as well as parallel in the same way as 


for the frusta of the pyramid and cone the opposite edges are propor- 
tonal while parallel, 
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Now, nine tenths or more of all the vessels of capacity, the world 
over, and either on a large or reduced scale, have the shape of the frustum 
of a cone or pyramid ; the latter as evidenced in bins, troughs and 
cisterns of all sizes, in vehicles of capacity ; the former, in the brewers 
vat, the salting tub, the butter firkin, the commom wooden pail, the 
drinking goblet, the pan or pie dish, the wash tub — of whatever shape 
its base — the milk pan and what not else ; again the lamp shade, the 
shaîft of a gun or mortar, the buoy, quai, pier, reservoir, tower, hay-rick, 
hamper, basket and the like. 

These are forms which in every-day life the otherwise untutored 
hand and eye are called upon to estimate. Why then not teach a mode 
of doing it which every one can learn, and not only learn but what is of 
greater import, retain in mind or memory when mastered. 

Why continue the old routine when, as here evidenced, it is 80 
much more simple and concise, so much quicker to apply the prismoidal 
formula to all these forms, than resort to one more difficult of apprehen- 
sion and which to carry or work out requires tenfold the time the other 
does. 


Legendre’s formula requires a geometric mean between the areas of 
the opposite bases of the solid under consideration. This mean is far 
less easily conceivable than the arithmetic one ; and to arrive at it the 
end areas are to be multiplied into each other, and the square root ex- 
tracted of their product ; a long and tedions operation, one known only 
to the few, most difficult to retain, forgotten as soon as learnt and 
therefore useless. 

With the formula proposed on the contrary, the operation is one 
which the merest child can master, the mere mechanic or the artisan 
remember all his life and readily apply ; for he has been taught at school 
to compute areas, that of the circle as well as others, a figure which he 
readily sees is resolvable into triangles by lines drawn from the centre 
to equidistant points, or not, in the circumference, and the area thence 
equal to the circumference—sum of the bases of the component triangles 
—into half the radius, or height of the successive sectors which make 
up the figure. 

Now, of almost all the solide herein above alluded to, the opposite 
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bases and middle section are circles and the operation can be further 
expedited by taking the areas ready made, to inches and even lines or 
less, from tables prepared for the purpose. 


The labour then reduces to the mere arithmetic of adding the areas 
so found, that is the end areas and four times the middle area, and of 
multiplying the sum thereof into one sixth the altitude, or depth ; that 
is, to the simplest form of arithmetic taught in the most elementary 
schools, to wit : addition and multiplication, with division added when 
the cubical contents in feet, inches or other unit of capacity, are to be 
reduced, as of inches into gallons and the like. 


I would have but one formula applicable to all bodies, and it will 
of course be asked : why, for instance in the case of the cylinder, the 
whole cone or pyramid, substitute the more complex for the simpler form 
of computation. My reason for doing so has its untold importance to 
thousands of the human race. Memory 1s not a gift to every one. Ï 
have none of it myself or hardly any, and its absence only entails a 
little reasoning as I am now to show. 


I have seen students, only three months out of college doubtful as 
to which of the ordinary formulae to apply, to this pyramid or cone, the 
conoid, the spheroïd. In one—the first —the volume is due to the base 
and one third the height ; in the second, the base and one half the height ; 
in the other, the base and two thirds the height. Any mistake is fatal 
to the result. 


But with the one and only one, the unique and universal formula 
which I propose to substitute for every other, no error can obtain. Take 
hold of the pyramid or cone : set down its upper or one end area or that 
of its apex, equal nought (0) or zero, its other end area, whatever that 
may be. Its middle area, you see at once is one quarter that of its base ; 
for the middle or half way diameter is half that of the base, and the 
areas of similar figures as the squares of their homologous or like di- 
mensions. Now, ere you have put this down on paper ; ere you have 
had time to do s0, the reasoning process is going on within your mind 
and in far less time than it takes me to relate it — that four times the 
middle area plus the area of the base is equal to twice the base, and 
that twice the base into one sixth the altitude is precise]y the same thing 
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as once the base, that is, the base into one third the altitude, and so come 
you back to the old or ordinary rule, the simpler of the two in this case, 
and without the necessity of having this formula stored in your mind as 
a separate process. 


And so with the cylinder where you see at once that the area of. 
each base and of the middle section being all equal quantities, the sum 
of these bases and of four times the middle section is the same thing as 
six time the base, and again that six times the base into one sixth the 
altitude is the old rule of the base into the altitude, without the ne- 
cessity of remembering it as a separate and additional formula, 


But the great advantage of this one universal rule, its beauty 80 to 
say is further evidenced and more strikingly in the computation of the 
more difficult solids, that is of those which are more difficult under the 
old or ordinary rules. 


In the sphere, spheroid and conoids, the one area, that at the apex 
or crown is always nought or nothing, as a plane there touches them 
in one and only one point. The formula applled to the sphere and 
spheroid therefore reduces to four times the middle area into one sixth 
the altitude or diameter or axis perpendicular to the plane of section. 


Now, let it be required to measure the liquid in a conoïidal or 
spheroidal vessel inclined to the horison* or out of the verticaL This by 
ordinary rules, becomes an operation of much time, trouble and anxiety, 
as the size of the whole body or solid of which the portion or figure 
under consideration forms a part, has to be made known, its factors en- 
tering into the formula. for the content required; whereas by the pris- 
moidal formula, no concern need be had as to the dimensions of the 
entire body of which the figure submitted to computation is a segment. 


That the rule applies to all such cases, is and has been abundantly 
proven by myself (see my treatise of 1866) as applied to any segment 
of a sphere or spheroid, to any ungula of such solids contained between 
planes passing in any direction through the centre, to any frustum of 
these bodies, — lateral or central — contained between parallel planes 
inclined in any way to the axes ; to any parabolic or hyperbolic conoid, 
right or inclined, as well to any parallel frustum of either. 
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This proof has been substantiated by MM. Steckel of the Dept. of 
Dominion Publie Works, Deville a member of this society, and the late 
Revd. M. Maingui, professor of Mathematics at the Laval University, a8 
well by the Revd. M. Billion, of the Seminary of St. Sulpice— Montreal . 
by His Grace, bishop Langevin of Rimouski, and by many other ma- 
thematicians fully adequate to the task. 

M. Maingui says (page IX of his pamphlet and as already quoted 


from the french version) : “This formula Ÿ ns + B+A4M) Le épat 
“ which Mr. Baillairgé is endeavouring to introduce ; 4{ has the ÿm- 
“ mense advantage of replacing all other stereometrical formulae.” 

This is the only formula which will allow of teaching stereometry 
in all schools however elementary, and as has just been shown, the appli- 
cation of it is the more simple, so to say, the more complex the body is, 
since in the conoid and segment of spheroïd, one of the factors at least is 
zero, while two of them are zeros in the sphere and spheroid as in their 
ungulae. 

Thus while the student at college or from a University after having 
devoted much time to the acquisition of a hundred rules for the cubing 
of as many solids, has hopelessly forgotten them in after life, the com- 
paratively illiterate artisan, tradesman, merchant, &c. who has never fre- 
quented ought but a village school, will, having but one rule wherewith 
to charge his memory, remember it all his life and be ever ready to 
apply it ? 

In the case of spindles and the masurement of their middle frusta 
— the representatives of casks of all varieties and sizes, — the prismoidal 
formula does not bring out the true content to within the tenth or 
twentieth and up to the lalf or thereabout of one per cent ; notwith- 
standing which, it is the only practical formula which can bring out 
anything Lke a reliable result. The true formulae for casks never can 
nor will they ever be applied ; they are too lengtly, too abstruse, and the 
wine merchant will tell you that the nearest the guage rod can come to 
within the truth, the guage rod founded on these formulae, is to within 
from one to three and even four per cent. This stands to reason, as 
when operating on the half cask—which is always done with all figures 
having symmetrical and equal halves—the half way diameter between 
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the head and bung, the very element by which the cask varies its capa- 
city, enters as a factor into the occupation, while the guaging rod can 
take no note of it. 

It remains but to say that in the case of hoofs and ungulae of cones 
and cylinders, of conoids and of spheroids, when the bounding planes do 
not pass through the centre, the prismoidal formula is still the best to 
be employed in practice, and agaïn brings out the volume to within one 
half or so of one per cent. The true rules applicable to these ungulae can 
never be remembered, nor are or will they ever be applied in practice. 
Rather than that, the fudging or so called rule of thumb system, some 
averaging of the dimensions is sure to be resorted to and a result arrived 
at, where two or three to five per cent of error is considered near enough, 
while the proposed application of the prismoidal formula would reduce 
the error to almost nothing. 

Compound bodies must of course be treated separately or in parts. 
Thus, a gun or mortar, as made up of a cylinder or the frustum of a 
cone and the segment or half of a sphere or spheroïd ; a morish or tur- 
kish dome, as the frustura of a spheroïid surmounted by a hollow cone ; 
a roofed tower, as a cone and cylinder, a cone and frustum of a cone or 
two conic frusta as the case may be and 80 of other compound forms. 

Again when frusta between non parallel bases are to be treated, the 
solid is to be divided by a plane parallel to one of its bases and passing 
through the nearest edge or point of its opposite base, into a frustum 
proper and an angula, subject to the percentage of error already noticed 
in the volume of the angula ; while, by cubing the whole conoïd on 
segment of a spheroid of which the frustum forms a part, and then the 
segment which is wanting to make up the whole, the true content can 
be arrived it. 

There are a class of solid forms where it would appear at first 
sight that a departure from the prismoidal formula becomes necessary : 
not s0 however as will presently be seen. I allude to the cubing of the 
fragment of a shell for instance, or of the material forming the vaulting 
of a dome as contained between its intrades and extrados. This is simply 
arrived at, when the inner and outer faces are parallel or when the dome 
or arch is of uniform thickness by applying the spherical, spheroidal or 
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cylindrical surfaces of the opposite bases, and the equally curved surface 
of the middle section; while, when the faces are not parrallel or the 
thickness of varying dimensions, as well when the faces are everywhere 
aquidistant, the volume may be had by cubing the outer and inner com- 
ponent pyramids and taking the difference between them. 


And in the making out of such spherical areas as may enter as 
factors into any computation, a most concise and easy rule will be found 
at page 39 of my “ stereometricon” published in 1880; when any such 
area can in a few minutes be made up the mere multiplication and 
addition of the elemental quantities given in the text, and any portion 
of the earths surface thus arrived at when the radius of the osculatory 
clicle for the given latitude is known. 


With irregular forms, the figure can be sliced up and treated by the 
formula, and those forms when small and still more complex, such as 
carving, statuary, bronzes and the like, can be measured with minute 
accuracy by the indirect process of the quantity of fluid of any kind dis- 
placed, as of water when non obsorbent or of sand or sawdust etc., when 
the contiary. 


Again may the specific gravities of bodies be applied, or their weights 
to making out their, volumes by simple rule of three, or the reverse 
process of weighing them by ratio when their volumes are ascertained. 


Finally the quantities and respective weights of the separate subs- 
tances which enter into amalgams or alloys are obtainable as taught by 
a comparison of their weights in air and water, that is of the ainmalgam 
itself and of its unalloyed constituents. 


The whole field of solid meusuration is thus sone over in these few 
pages, instead of the volume required to contain the many separate and 
varied formulae which the old process of computation gives rise to and 
renders indispensable. The whole I say is gone over in as many minutes 
as the oll process requires hours or even days. 
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TABLES 


OF 


I. Squares and Square Roots of numbers from 1 to 1600. 


IT. Circumferences and areas of circles of diameter sx to 150 
advancing by à. 
III. Circumferences and areas of cireles of diameter #5 to 100 
advancing by 15. 
IV. Circumferences and areas of circles of diameter 1 to 
50 feet, advancing by 1 inch. 


V. Sides of Squares equal in area to a circle of a diameter 
1 to 100 advancing by a À. 


VI. Lengths of cireular arcs, to diameter 1 divided into 1000 
equal: parts. 

VII. Lengths of semi-elliptic ares to transverse diameter 
1 divided into 1000 equal parts. 


VIIT. Areas of the segments of a circle to diameter 1 divided 
into 1000 equal parts. 


IX. Areas of the zones of a circle to a diameter 1 divided 
into 1000 equal parts. 


X. Specific gravities or weights of bodies of all kinds solid, 
fluid, liquid and gazeous. 
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TABLE OF SQUARES, SQUARE ROOTS 


1.0000000 
1.4142136 
1.7320508 
°2.0000000 
2.360680 
2.4494897 
2.6457513 
2.824271 


3.0000000 
3.1622777 
3.316524 
3.4641016 
3.605551: 
3.74165:4 
3.822933 
4.0000000 
4.131056 
4.2426407 
4.355989 
4.471360 
4.:5#25757 
4.6904158 
4.795315 
4.R0R9795 
5.0000000 
5.0990195 
5.1961524 
3.2915026 
5.3"51648 
5.4772256 
5.5677644 
5.668542 
5.7415626 
5.3309519 
5.9160798 
6.0000000 
6.0827625 
6.1644140 
6.2449980 
6.3245553 
6.40%1242 
6.4807407 
6.5574:335 
6.6332196 
6.7082039 
5.7823300 
6.8556546 
6.9282032 
7.0000000 
7.0710676 
7.14149284 
7.2111026 
7.2801099 
7.315169 
7.416198 
7.4%33143 
7.5498344 
7.6157731 
7.6811457 
7.1459667 


EE 


EEE << 
No. | Square. | Sqre. root. || No. | Square. | Sqre. root. 
61 3721 7.8102497 121 | 14641 | 11.0000000 
62 3844 7.8740079 122 | 14834 | 11.0453610 
63 3969 7.9372539 123 | 15129 | 11.0905365 
64 4096 8.0000000 124 | 15376 |11.1355287 
65 4225 8.0622577 195 | 15625 |11.1803399 
66 4356 8.1240384 126 | 15876 |11.2249722 
67 4488 8.1853528 127 | 16129 |11.2694277 
68 46:24 8.2462113 128 | 16384 |11.3137085 N 
69 4761 8.3066239 129 | 16641 |11.3578167 
70 4900 8.3666003 130 | 16900 | 11.4017543 
71 5041 8.4261498 131 17161 |11.4455231 
72 5184 8.4852814 132 | 17424 |11.4891953 
73 5329 8.5440037 133 | 17689 |11.5325626 
74 5476 8.6023253 134 17956 | 11.5758369 
75 5 8.660540 135 | 18225 |11.6189500 
76 5776 8.7177979 136 | 18496 | 11.6619038 
77 5929 8.7749644 137 | 18769 |11.7046999 
78 6084 8.8317609 138 | 19044 !11.7473401 
79 6241 8.8581944 139 | 19321 |11.7898261 
80 6400 8.9442719 140 | 19600 | 11.8321596 ||, 
81 6561 9.0000000 141 | 19681 |11.8743491 
82 6724 9.0553351 142 | 20164 |11.9163753 
83 6839 9.1104336 143 | 20349 | 11.9582607 
84 70:56 9.1651514 144 | 20736 | 12.0000000 
85 7225 9.2195445 145 | 210%5 | 12.041548 
86 7396 9.2736185 146 | 21316 | 12.0830460 * 
87 7569 9.3273791 147 | 21609 |12.1243557 
88 7744 9 3808315 148 | 21904 |121655251 
89 7921 9.4339811 149 | 22201 | 12.2065556 
90 8100 9.4858330 150 | 922500 | 1422474487 
91 8281 9.5393920 151 | 22801 | 12.2882057 
92 8464 9.5916634 152 | 3104 | 12.3288280 
93 8649 9.6436508 153 | 23409 | 12.3693169 
94 8836 9.6953597 154.| 23716 | 12.4096736 
95 9025 9.7467943 155 | 24025 | 12.4498996 
96 9216 9.7979590 156 | 24336 | 12.4899960 
97 9409 9.8488578 157 | 246149 | 12.5299641 
98 9604 9.8994949 158 | 24964 | 12.698051 
99 9801 9.949744 159 | 925281 | 12.6095202 
100 10000 | 10.0000000 160 | 25600 | 12.6191106 
101 10201 | 10.049756 161 |! 95921 | 12.6885775 
102 10404 | 10.095049 162 | 26244 | 12.7279221 
103 | 10609 | 10.148916 163 | 26569 |12.7671453 
104 10516 | 10.1980390 164 | 26596 | 12.8062485 ’ 
106 | 11025 | 10.2469508 165 | 27225 |12.8452326 
106 | 11236 | 10.2956301 166 | 27556 | 12.8510987 
107 11449 | 10.3440804 167 | 27889 | 12.9228480 
108 11664 | 10.392:3048 168 | 28224 |12.9614814 
109 11831 | 10.4403065 169 | 28561 | 13.0000000 
110 12100 | 10.480285 170 | 28900 | 13.0384048 
111 19321 | 10.5356538 171 29241 | 13.0766968 
112 12544 | 10.5R830052 172 | 29554 |13.114R770 
113 12769 | 10.6401458 173 | 29929 | 13.1529464 
114 12996 10.6770783 174 30276 | 13.1909060 
115 13225 | 10.7238053 175 | 306% |13.2287566 
116 13456 | 10.7703296 176 30976 | 13.2664992 
117 13629 | 10.8166538 177 31329 | 13.304147 
113 13924 | 10.8627805 178 | 93164 |13.3116611 * 
119 14161 | 10.908711 179 32041 | 13 3790nR2 
120 14400 | 10.9544512 180 | 32400 |13.1164079 


OF NUMBERS FROM 1 TO 1600. 








0 pq Em 





15.231546? 
15.2643375 
15.970585 
15.397097 
15.3622915 
15.3948043 
15.4272486 
15.1596"248 
15,4919334 


17.080075 
17.1172428 
17.146482 
17.175540 
17.2016505 
17.2%36879 
17.2626765 
17.2916165 
17.3205081 


No. | Square. | Sqre. root. || No. | Square 

13.4536240 || 9241 | 58081 |15.5241747 || 301 90601 
: 13.4907376 || ‘42 | 58564 |15.556:3492 || 902 91204 
: 3: 13.5277493 || 243 | 59049 | 15.584573 || 303 91809 
13.5646600 || 244 | 59536 | 15.6204994 || 304 92416 
13.6014705 || 245 | 60025 |15.6524758 || 305 93025 
13.6381817 || :246 | 60516 |15.6543571 || 306 93636 
13.6747943 || 247 | 61009 |15.7162336 || 307 94249 
13.7113092 || 248 | 61504 |15.7480157 || 308 94264 
13.747771 || 249 | 62001 |15.7797338 || 309 95481 
13.78404688 || 9250 | 62500 | 15.811383 || 310 96100 
13.8202750 || 251 | 63001 | 15.8429795 | 311 96721 
13.8564065 || 252 | 63504 |15.8745079 || 312 97344 
13.8924400 || 253 | 64009 |15.9059737 | 313 97969 
13.9283883 || 54 | 64516 |15.9373775 || 314 98596 
13.964400 || 955 | 65023 |15.9687194 || 315 9992-25 
14.0000000 || 256 | 65536 | 16.0000000 || 316 99856 
14.0356688 || 957 | 66049 | 16.0312195 || 317 | 100459 
14.0712473 || 9258 ! 66564 |16.0623784 || 318 |; 101124 
14.1067360 || 259 | 67081 |16.0931769 || 319 | 101761 
14.1421356 || ‘260 | 67600 ]|16.1245155 || 320 | 102400 
14.1774469 || 261 | 6#191 !|16.1554944 || 321 | 103041 
14.2126704 || 262 | 68614 |16.1864141 || 322 | 103684 
14.2475068 || 9263 | 69169 | 16.2172747 || 323 | 104329 
14.2828569 || 264 | 69696 | 16.2480768 || 324 | 101976 
14.3178211 || 965 | 70225 | 16.278206 »5 | 105625 
14.3527001 || 266 | 70756 | 16.3095064 || 326 | 106276 
14.3874946 || 9267 | 719289 | 16.3401346 || 327 | 106929 
14.42%2051 || 268 | 71824 |16.3707055 || 328 | 107584 
14.4568323 || 9269 | 72361 |16.4012195 || 329 | 103241 
14.4913767 || 270 | 72900 | 16.4316767 || 330 | 108900 
14.5258390 || 271 | 73441 |16.4620776 || 331 | 109561 
14.5602198 || 272 | 73964 | 16.4924225 || 332 | 110224 
14.5945195 || 9273 | 74529 |16.5227116 || 333 | 110889 
14.6227388 || 274 | 75076 | 16.5529454 || 334 | 111556 
14.668783 || 9275 | 75625 |16.5831240 | 335 | 112295 
14:6969385 || 276 | 76176 |16.6132177 || 336 | 112396 
14.7309199 || 9277 | 76729 |16.6433170 || 337 | 113569 
14.7648231 || 278 | 77284 |16.678:3320 | 338 | 114244 
14.7986186 || 279 | 77841 |16.7032931 || 339 | 114921 
14.8323970 || 280 | 78400 | 16.7332005 || 340 | 115600 
14.#660687 || 241 | 78961 | 16.76305416 || 341 | 116281 
14.8906614 || 282 | 7994 |16.7928556 || 342 | 116964 
14.9331845 || 9283 | 80089 | 16.822038 || 343 | 117649 
14.966695 || 284 | 80656 | 16.8:22995 || 344 | 118336 
15.0000000 || 285 | 81223 |16.R319430 || 315 | 119025 
15.0332964 || 986 | 81796 |16.9115:345 || 346 | 119716 
15.0665192 || 287 | 82369 |16.9410743 || 317 | 120409 
15.0996689 || 288 | 82044 | 16.970527 || 348 | 121104 
15.1327460 || 239 | 83521 |17.0000000 || 349 | 121801 
15.1657509 || 290 | 81100 | 17.029464 50 | 122500 
15.1936842 || 9291 | 81681 |17.05K7221 || 351 | 13201 


Os 


17.3493516 
17.3781472 
17.406895? ! 
17.4355958 
17.4612492 
17.4923557 
17.5214155 
17.5499288 

7.5783958 
17.6065169 
17.6351921 
17.6635217 
17.6918060 
17.7200451 
17.7482393 
17.7763588 
17.8014938 
17.8325545 
17.8605711 
17.8885438 
17.9164729 
17.9443584 
17.9722008 
18.0000000 
18.0277564 
18.0554701 
15.0831413 
18.1107703 
18.1383571 
18.1659021 
18.1934054 
18.2208672 
18.2482876 
18.2756669 
18.3030052 
18.3303028 
18.3575598 
18.3847763 
18.4119526 
18.439089 
18.4661453 
18.4932420 
18.5202592 
18.5472370 
18.5741756 
18.6010752 
18.6279360 
18.6547531 
18.6815417 
18.7082869 
18.7349940 
18.7616630 
18.758292 
15.8148377 
18.8314437 
18.8679623 
18.8944436 
18.9208879 
18.9472953 
18.9736660 
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150321 
131014 
131769 
232106 
133205 
133966 
131679 
135124 
136161 
136900 
137641 
RES | 
1:30129 
1:39=76 
1400625 
141:576 
14219 
142-R1 
1436511 
144100 
115161 
11591 
114669 
117426 
Los 
14-996 
119469 
150,41 
151:;21 
152104) 
12] 
155601 


SE —_—_—_—_—_—_—__Â— ZE ——— me 


154119 


155256 
156025 
15616 
15560) 
15=101 
159201 
160000 
160<01 
161604 
1624109 
63216 
TEE 
161-360 
16560419 
166161 
157% 1 
16<100 
16-921 
169744 
17056 
171396 


17-295 


2220 
175056 
1753-89 
174721 
175061 
176400 


TABLE OF SQUARES, SQUARL ROOTS 


19.0000000 
19.062976 
19.052559 
19.078375 10 
19.104973 
19.131126 
19.157441 
19.133261 
19.20937%7 
19.235341 
19.261360 
19.273015 
19.31:32079 
19.233007 96 
19.3619167 
19.390719 1 


19.410178 | 


19. {49291 
19.467923 
19.4 50887 
19.219213 
19.5 148203 
19.370285 
19.5959179 
19.6214169 : 
19.616797 
19.672516 
19.607156 
19.723029 
19.711177! 
19.77:7199 ! 
19.790909 : 
19.242276 à 
PRAIRIE 
19.7 16069 
19 ROO7 ANT | 
19 MARS 





. 19.940037 





V0,22374S 


20.21 1567 | 


19.971941 
10.000000) 
AIRIS EE 
20.049037 


20.099712 


00.074599 | 
| 


d0.1216118 ! 
20.1194417 | 
20.174410 


20.1990099 





20,27:31:49 | 


20.297531 
20.3221014 


90.434659 09 
20.371512 
20.396071 
20,4°05379 
20.445013 
20,4694*95 
20.1939015 | 





| 4x 
| 4:59 


449 
4150 
451 
492 
453 
451 
di 
| 456 
157 
d'un 
49 
100 
46] 
1652 
165: 
l doi 
1465 
| 466 
rt 467 
| 46 
40) 
450 
{71 
| 472 
473 
474 
79 
476 
477 
478 
49 
4R0 

















177211 
1304 
17 
1597760 
17-0095 
1 1456 
12329 
1R31R1 
1 4041 
1=4900 
1-5761 
1# 66071 
1574°9 
188356 
1 9905 
190096 
1650969 
191814 
192721 
193600 
1944°1 
195364 
1962 19 
197136 
198025 
193916 
199809 
2010704 
201601 
202500 
203401 
201304 
205209 
206116 
20700 
2070950 
OUR 19 
0)761 
210671 


211600" 


219521 
v13141! 
014569 
A AUS 
21625 
217156 
JIRGR) 
919021 
1951 
220900 
DOIRII 


————— 


 , 1 
INT 4 


2370) 
221670 
LATE 
24970 
JT 5021) 
DR EX | 
PAS BE 
230100 





V0,951.0,,-6 
JOUE | 
20.701260) 
20,61 581 | 
0.621774 
20.6t HE 
20.6 
90.71. 92 


| 


20,350 1114 


20.7605505 : 
Det 71 
Hum 2) 


EU EE TETE à 
URSS 


90.905 190 | 
20.2 0 | 
4.0. 


20.956270 


21.004 CO) : 


21.02. ‘50 


21.017. 2 
91.07 75 
1.00: : ‘1 


21.11-:1%1 
21.14 715 
1.166 05 
21.101 
21.215003 
21.230766 
2106006 | 
DL US 7 | 
DS 
CI ER EU LE 


Dati 60 ! 


lire 5 
21.4 TE 
01.40, 3 
21.413106 


21,1709106 | 
21.491103 | 


A PRO FEU D 


LE PEL NTI UE 
DA 7 
Jp, 1 
21.6: un LE | 
DGL077 | 
01.6: ! 11 
D1GTU ISA 
21.702301 | 
21.725610 
1.710652 


1.7 111: 
21,704 10417 
UE EE EP EE 


UE PSE TR PS 


| 
20,51= 2-45 | 


1: 


ie) 


| 








2IRCUIITL 
2x ci 
2190 


515 
h16 
n17 
518 
19 
n°0 
pl 
52 
523 
524 
MAS) 
h26 
D97 
DIN 
529 
30 


3.) 


D 40 





— 





Square. 


nee 


231361 
930130 1 
23.32% 
234016 
PANIER" 
230196 
231169 
23"144 
92,:0121 
940100 
2410R1 
242064 
243049 
241030 
245025 
246016 
247009 
240041 
49001 
2550000 
951001 
252004 
25.009 
254016 
9252025 
256036 
257049 
25r064 
2590411 
260100 
261191 
262144 
2643169 
264196 
20525 
266256 
207279 
V6RS'2A 
269361 
270400 
971111 
2724n4 
273.9 
971576 
975625 
276076 
977129 
O7NTR{ 
279R IL 
2=0000 
ONONGL 
UN) 
2100 
USE EU 


De 27 


DATI 03 131GTUS | 
Ro D U53 17:30 >): 
2<0444 23 14<070 | 
DOOSUL Op 
291600 | 23.297000 | 
—__——_—__——.".]———— 7 





Sqgre. root. 


es 


t 


| 21.9318192 ‘ 





2105141921 
21.9772610 
29,.0000000 
2%.0227155 
22.0454077 
2%.06-0765 
22.090720 
22,11331 44 
22,1359436 
22.15R5198 
22.1R10730 
22.203603 
22.2261108 
02.9465955 
22.2710575 
19,29734962 
22.3159136 
22.338307) 
22.36067:93 
22.:2830993 
22.4053:65 
22.495661 
27.4490143 
22.4722051 
22.494 11138 
22.516660 
22.538%553 
20,5610%8: 
22.531706 
2%.60:301 
22.6271170 
V2.604950:33 
22.671561 
22.69361 141 
02.715634 
22,7376:310 
22,75961:34 


qq, D mt ee me 


2.7#19715 | 


2%, ROISONS 
29.254011 
22.8473103 
22.260103 
22.010163 
22.9192%755 
02.931609 


22,956 1-06 


22,9792506 
93 0000000 
25.021720) 
LAN LE RE Phra 
23.065125 
US A LES tirs TE 
23. 1021100 
25. 130006570 








nl tel 





OF NUMBERS FROM 1 TO 1600. 


Square. | Sqre. root. 


2992681 
293761 
291349 
295936 
297025 
29#116 
299209 
300304 
301401 
302500 
303601 
304704 
30509 
306916 
30025 
309136 
310249 
311364 
312481 
313600 
314721 
315244 
316969 
312096 
319225 
320350 
3214189 
322024 
32310641 

21900 
826011 
327194 
JR 29 
3294176 
330625 
331776 
332929 
3340=4 
335241 
336400 
337961 
339724 
339859 
341056 
312225 
313396 
344569 
3495741 
346921 
318100 
319281 
3501641 
351649 
352530 
3594025 
355216 
3564109 
357604 
352801 
360000 


23.2591067 
23.27 08935 
23.5023604 
23.3235076 
23.3452351 
23.36664129 
23.388031] 
23.409398 
23.4307490 
23.450788 
23.4733592 
23.494680? 
23.5159520 
23.5372046 
23.55154:380 
23.579065 22 
23.6007474 
23.620236 
23.6131208 
23.6613191 
23.65543806 
23.706392 
23.7276210 
23.740612 
23.7697226 
23.7807545 
23.8117618 
23.#327506 
23.8537209 
23.8746728 
23.895606 
23.9105215 
23.9374184 
23.952971 
23.9791576 
24.0000000 
24.02022143 
24.0416306 
24.062418> 
24.083129] 
24.1039416 
24.1216762 
24.1453929 
24.1660919 
24.167732 
24.2074369 
21.2280829 
24.247113 
04.269322 
24.2899156 
24.3104916 
24.331001 
24.3515913 
24.3721152 
24.3926218 
241.4131112 
21.433554 
24.454035 
24.4744765 
24.4918974 


DHÉRRIENS 


—m——————…— | mnt | mmtnnanensennememmmmess | | conan 


° 
2 Zoo 


Square. 


361201 
302404 
363609 
361716 
366025 


. 3072306 


36149 
369661 
37081 
312100 
37:3321 
324544 
375169 
376090 
316205 
310456 
33-0629 
31924 
303161 
3541400 
385611 
Riel Dmes | 
Je 129 
329376 
390625 
3“ 1976 
39.319 
391354 
395641 
396900 
30816! 
399404 
40069) 
401956 
403225 
404196 
405769 
4070414 
408321 
4609600 
410831 
412164 
413149 
411736 
416025 
417316 
412609 
419904 
421201 
42200 
42301 
425104 
426409 
497716 
42905 
430336 
4316419 
43061 
434al 
4335600 


Sqre. root. 


24.515303 
04,530" 3 
24.556033 
24,5701119 
24.596747 
94.61:0673 
24.6373700 
24.6576560 
04.67 79254 
24.6971751 
24.7181142 
24.730338 
24,758x:368 
24.7790234 
24.7991935 
24.8193473 
4.391247 
4 ,8596053 
24.8797106 
24.819799 
24,919%7 16 
21.9300278 
24,9599679 
24.97 99920 
%.0000000 
5.019990 
25.039968! 
25.059982 
25.079794 
25.091500 
25.117134 
5.1:306102 
99.1591913 
25.1793900 
29.1992063 
25.2190404 
25.235 9 
25.23*0619 
95.27R41493 
25.29#2913 
05.317977 
25.337 71R9 
23.307 4 147 
25.37:1501 
25.396502 
29.410930! 
05.4361947 
05.455441 
95.474784 
25,.49500976 
25.59147016 
25.5342007 
25.593°047 
25.573423 
25,5929678 
25.002499 
23.632011" 
V9.6919107 
25.6709953 
25.690 165% 


LA 


à. 4 


= ——_———————— ee 





Square. 


4::69%21 
AJSIAA 

315609 
440896 
442225 
4439590 
411529 
446224 
447561 
44=900 
450241 
451284 
452929 
454270 
45562 
450976 
45 599 
459684 
461011 
462400 
463761 
46:51:24 
46619 
467R56 
461225 
450596 
471969 
473344 
471721 
456100 
471481 
ATR<UA 
40219 
4316:6 
48305 
481416 
4509 
47204 
AnX 601 
490000 
491401 
482014 
494209 
49616 
497025 
493436 
4992419 
501264 
502681 
504100 
50H21 
5061 14 
50369 
509796 
b11295 
12656 
D140R1 
515"24 
516961 
5183100 











——————_—_—_—————————paLaLEL oO À eeuaZLZp nt et 





Sqgre. root. 


25.709903 
2h.72030607 
05.74R3 #04 
25.768197 
00.783099 
25.206097 08 
29.826343] 
25.8456960 
09.r600343 
Do.Rx 13582 
25.9036677 
20.922062 
05.094292 435 
V5.9615100 
25.980761 
26.0000000 
20.019223 
26.035 1331 
20,057 6284 
26.096 096 
26.0750767 
26.115197 
26.134267 
26.153527 
26.175047 
26.191601 
26.210682 18 
20.297541 


= 


26.216093 


6.267511 
26.286 779 
26.305929) 
20.324R955% 
20.34:8797 
26.360250 
26.3618119 
26.4007570 
26 4196796 
96.43-60°1 
26.457131 
26.4764046 
26.495226 
26.5111472 
20.532993 
26.0915364 
26.970600 
20.5 94716 
26.602694 
06.6270539 
06.615725 
06.661573; 
V6.632*1 
96.:020598 
00.707754 
26.7394R9 
26.79 1763 
V6.7308007 
26.79557290 
Vh.R141751 
26.8325159 


———— 


Qt 


} 





579121 
560644 
5t:2169 
5r3696 
565226 
D857 6 
DU8 289 
DHUNLA 
591361 
SH2JUU 
5914441 
595984 
207n%29 
599076 
600625 
602176 
60:37 29 
60:2r4 
60611 
60E1400 


TABLE OF SQUARES, SQUARE ROOTS 


26.8514442 
26.870077 
26.886593 
26.905:2481 
26.925240 
26.9443572 
26.969375 
26.9814751 


27.0000000 
97.0185122 
27.0370117 
27.0554986 
27.073972 
27.0924344 
27.110834 
27.1293199 
27.1477439 
27.1661554 
27.1815544 
27.2029410 
27.2013159 
27.2396769 
27.2580263 
27.27 63634 
27.294681 
27.3130006 
27,331:3007 
27.349587 
27.367864 
27.3861279 
27 .4043792 
27 .4226154 
27.4408455 
27.4590604 
27.477633 
27.4954542 
21 .5136330 
27.531799 
27 .5499546 
27.5620975 
27.68622n4 
27.6043475 
27.622456 
27.6405499 
27.65863:34 
27.6767 050 
27.6947648 
27.7129129 
27.730402 


27.740875, 


27.766768 
27.718197 50 
27.8020775 
21.208555 
27.838m218 
27,645 266 
27.747197 
27.8926514 
27.910715 
97.9:234801 


27.9463772 
27.9642629 
27.9221352 
28.00U0000 
26.017891 
28.0356915 
25.053503 
26.0713377 
28.0591433 
28.106936 
28. 1247222 
23.1424946 
28.160257 
VA. 1750056 
22.1957444 
28.213470 
26.2311n54 
28.2480935 
28.266181 
28.2342712 
25.3019434 
28.3196045 
28.3372546 
28.3540938 
28.3725219 
28.3901391 
28.4077454 
28.4253408 
28.4429253 
25.4604989 
25.4780617 
25.4956137 
28.513149 
25.530652 
28.548204 
28.5657137 
28.5832119 
2r.6006993 
28.6181760 
25.656421 
28.6530976 
28.6705424 
28.679766 
28.7054002 
28.7228130 
25.7402157 
28.750767 
28.7749r91 
28,7923601 
26.5097206 
28.82:0706 
2.8144102 
25.8617394 
28.87905n2 
23.R963666 
28.91:6646 
28.930923 
28.9482297 
28.9654967 
28.9827535 





739600 
741321 
74:3044 
744769 
746496 
748225 
749956 
751689 
753424 
750161 
756900 
756641 
760354 
762129 
763876 
765625 
767376 
269129 
770884 
712641. 
774400 
776161 
771924 


779689 
781456 
783225 
784996 
786769 
188544 
390321 
792100 
793881 
795684 
797449 
799236 


29.0000000 
29.017236 
29.0344623 
29.0516781 
29.067837 
29.0860791 
29.1032641 
29.104396 
29.1376046 
29.1547595 
29.1719043 
29.1890390 
29.206167 
29.232781 
29.2403830 
29.2574777 
29.274563 
29.2916370 
29.307018 
29.3257566 
29.3428019 
29.3764616 
29.3935769 
29.4108823 
29.4278779 
29.444637 
29.4618397 
29.4785059 
29.4957624 
29.5127091 
29.5296461 
29.5465734 
29.5634910 
29.5803989 
29.5972972 
29.6141858 
29.6310648 
29.6479342 
29.6647939 
29.681644? 
29.6954848 
29.7153159 
29.7321375 
29.7488496 
29.7657521 
29.7825452 
29.7993229 
29.8161030 
29.8328678 
29.8196231 
29.831056 
29.998328 
29.9165506 
29.93323591 
29.9499583 
29.9666481 
29.9833087 
30.0000000 














OF NUMBERS FROM 1 TO 1600. 

















No. | Square | Sgre. root. || No. | Square. Sgre. root. || No. | Square. | Sqre. root. 
01 | 811801 | 30.0166621 || 961 | 923521 | 31.0000000 || 1021 | 1042441 | 31.9530906 
y02 | 813604 | 30.0333148 962 | 925444 | 31.0161248 || 1022 | 1044484 | 31.9687.547 
003 | 815409 | 30.0409584 || 963 | 927369 | 31.0322413 || 10:23 | 1046529 | 31.9843712 
904 | 817216 | 30.0665928 || 964 | 929296 | 31.04u3494 || 1024 | 1048576 | 32.000000U 
905 | 819025 | 30.0832179 963 | 931225 | 31.0644491 || 1025 | 1050625 | 32.015612 
906 | 820836 | 30.0995339 || 966 | 933156 | 31.0805405 || 1026 | 1052676 32.031248 
907 8242649 | 30.1164407 57 | 935089 | 31.0966236 || 1027 | 1054729 | 32.0402407 
008 | 824464 | 30.1330485 || 968 | 937024 | 31.1126984 || 1028 } 1056784 | 32.0624391 
909 | 826281 | 30.1496269 069 | Y3-961 | 31.1287618 || 1029 | 1058841 | 32.078029 
010 | 828100 | 30.166206: || 970 | 940900 | 31.1148230 || 10:30 | 1060900 | 32.0936131 
911 809921 | 40.182776 971 042841 | 31.160729 || 1031 | 1069961 | 32.1091877 
910 | 831744 | 20.1993377 || 972 | 944784 | 31.1769145 || 1032 | 1065024 | 32.121:568 
913 | 8:33569 | 30.2155899 73 | 946729 | 31.1929479 || 1033 | 1067089 | 32.1403173 
014 | 1835397 | 30.23243:29 74 | 948676 | 31.2089731 || 1034 | 1069156 | 32.155704 
015 | 837225 | 30.2489669 || 975 | 950625 | 31.2219900 || 1035 | 1071225 | 32.1714159 
916 | 839056 | 30.2654919 || 976 | 952576 | 31.2409987 || 1036 | 1073296 | 32.1869539 
917 | 810839 | 30.220079 77 | 954529 | 31.256999 || 1037 | 1075369 | 32.2024814 
Yi8 | 842724 | 30.2985148 938 | 956484 | 31.2729915 || 10:38 | 1077444 | 32.210074 
919 | 814561 | 30.3150128 939 958441 | 31.889757 || 1039 | 1079521 | 32.2335229 
920 | 846400 | 30.3315018 || 980 | 960400 | 31.3049517 || 1040 | 1081600 | 32.2490310 
991 | g4e241 | 30.3179818 || 981 | 962361 | 31.209195 !| 1041 | 1083681 | 32.2645316 
où | 850084 | 30.3644529 || 982 | 964324 | 31.368792 || 1042 | 10-5764 | 52.2"00248 
023 | 51929 | 30.3809151 || 983 | 966289 | 31.352%308 || 1043 | 108749 | 32.295510 
924 | 853776 | 30.397: 984 068256 | 31.368774: || 1044 | 1059836 | 32.510923 
995 | 853625 | 30.4138127 || 985 | 970225 | 31.347097 || 1045 | 1092025 | 32.264598 
006 | 257476 | 40.43024n1 || 986 | 972196 | 31.4001:369 || 1046 | 1094116 | 32.3419233 
927 | 859329 | 30.4466747 937 Y74169 | 31.4165561 || 1047 | 1096209 | 32.3573794 
993 | 861184 | 30.4630924 088 | 976144 | 31.4321673 || 104R | 1098304 | 32.372881 
929 | 86:041 | 30.4795013 98) | 978121 | 31.448:3704 || 1049 | 1100401 | 32.3" 2605 
930 | #61900 | 30.4959014 990 | 980100 | 31.461264 || 1050 | 1102500 | 32.403:035 
031 | 866761 | 30.5122926 || 991 | 982081 | 31.490125 || 1051 | 1104601 | 37.4191301 
93 | 868624 | 30.5286750 || 992 | 944064 | 31.4960315 || 1052 | 1106704 | 32.4345195 
033 | #704=9 | 30.5450487 || 993 | 986049 | 31.511902: || 1053 | 1108299 | 32.4499615 
034 | 872356 | 30.5614136 || 994 | 988036 | 31.527650 | 1054 | 1110916 | 32.463662 
v35 | 874225 | 30.57:76097 995 990095 | 31.5136206 || 1055 | 1113023 | 32.4 07635 
036 | 876096 | 30.5941171 || 996 | 992016 | 31.5394577 || 1056 | 1115136 | 32.4961536 
937 | #77969 | 30.6104557 097 | 994009 | 31.575306 || 1037 1 1117249 1 32.5115364 
938 | g70544 | 30.667856 || 998 | 996004 | 31.591180 || 1058 | 1119364 | 32.5269119 
939 | 881721 | 30.6431069 || 999 | 1998001 | 31.6059613 | 1059 | 1121481 | 32.5422802 
940 | 883600 | 30.4594194 || 1000 | 1000000 | 31.6227766 | 10650 | 1123600 | 32.5576412 
941 885181 | 30.6757233 || 1001 1000201 | 31.6:385%40 | 1061 | 1125721 | 32.5729949 
942 2364 | 30.6920185 || 1002 | 1004004 | 31.651336 | 106 1127844 | 32.583415 
043 | 880249 | 30.7083051 || 1003 | 1006009 | 31.670175 | 106: | 1129969 | 32.606807 
944 891136 | 30.7245830 || 1004 | 100-016 | 316-3934: | 1064 1132096 | 32.6190129 
045 | 893023 | 30.740853 || 1005 | 1010025 | 31.7017:319 | 1065 | 1134225 | 32.6343377 
946 894916 | 30.7571130 || 1006 | 1010036 | 31.715030 1066 | 1136356 1 32.649654 
947 | 896308 | 30.773651 || 1007 | 1014049 | 31.723267 1067 | 11:38489 | 32.664969 
948 | 898704 | 30.7896086 || 1008 | 1016064 | 31.7190157 .| 1068 | 1140624 | 32.6502693 
949 | 9oouot | 30.8058136 || 1009 | 1018081 | 31.761703 || 1069 | 1142761 | 32.6955654 
0:30 | 902500 | 30.8220700 || 1010 | 1020100 | 31.7-04972 1070 | 1144900 | 32.7108544 
951 | 9044101 | 30.8382879 || 1011 | 1020121 | 31.796262 | 1071 | 1147041 | 32.726163 
952 | 006304 | 30.8544972 || 1012 | 1024144 | 31.H119474 | 1072 | 1149184 | 32.7414111 
933 | 90209 | 30.8706981 || 1013 | 1026169 | 31.276609 | 1073 1151329 | 32.7566787 
u51 | 910116 | 30.836904 || 1014 | 1028196 | 31.8433666 | 1074 1153476 | 32.771932 
055 | 912025 | 30.9030743 || 1015 | 1030225 | 31.K590646 | 1075 | 1155625 | 32.78719°6 
056 | 91:3936 | 30.919477 || 1016 | 1032256 | :31.#747549 ‘| 1076 1157776 | 32.804398 
057 | 915449 | 30.935116 || 1017 | 1031289 | :51.8004374 :| 1077 1159929 | 32.8172782 
958 | 917764 | 30.9515751 || 1018 | 1036:724 | 31.9061123 | 1078 | 1162084 | 32.8329103 
059 | 919681 | 30.9677251 || 1019 | 10:38361 | 31.9217594 | 1079 | 1164241 | 32.8481354 
060 | 921600 | 30.9838668 || 1020 | 1040400 | 31.9374388 || 1080 | 1166400 | 32.8633535 
LS" ——————— "Re 





CE 







1168561 
1170724 


1172829. 


1175056 
1177225 
11793%i 
1121569 
1183744 
1185921 
11100 
1190281 
1192464 
1191649 
1196-36 
1199025 
1201216 
120:3409 
2205601 
1207 #01 
1210000 
1212201 
1214104 
1216609 
121-816 
1221025 
122336 
1225449 
1227664 
1229-81 
1232100 
12:34:31 
12365441 
123769 
12410996 
1241392 
1245456 
1247629 
12419924 
1252161 
1254400 
1256611 
125584 
1261129 
126::376 
126565 
1267876 
1270129 
127234 
1274641 
1276900 
1279161 
1281424 
12x36 
125906 
L'on 09 
1290496 
12927069 
1295044 
1297321 
1:29Y600 





TABLE OF SQUARES, SQUARE ROOTS 


32.8785644 
32.093764 
32.9089653 
32.9241553 
32.939332 
32.9545141 
32.969630 
32.9=18150 
33. 0000000 
33.0151480 
33.0:30"#91 
33.0454233 
33.060550 
33.0756708 
33.090742 
33 105"#907 
33.1209903 
33.136050 
33. 1511689 
33.16624179 
33. 1813200 
3.196353 
33.21 14138 
33. 22669) 
33.241540: 
33.256973 
3.97 16095 
33,2 66339 
33.3016616 
33.316005 
33.:%316666 
33.316660 
33.3616516 
33.32 66:39 
33.391617 
33. 40055452 
43.421549) 
3:3,4309070 
33.1914573 
33.4664011 
33.491331 
33.496264 
33.n111n21 
33.201092 
33.9410196 
33.50502:34 
33.52 0806 
33. DRo7 112 
35.600592 
33.61541726 
:3.6430534:31 
3.612077 
33.66500653 
33.619165 
33.697610 
33.70415991 
3.2.2 1941306 
33.7310556 
33.7190741 
33.7038260 





QE Ps Es à beam 


1301881 
1304614 
1306449 
1308736 
1311025 
1313316 
1315609 
1317904 
1320201 
1322500 
132401 
1327104 
1394109 
1331716 
1334025 
13:36:336 
133649 
1310964 
131281 
1345600 
1317921 
1350244 
135569 
13541596 
1357225 
1359556 
1361829 
1364224 
1366561 
1368900 
1371241 
1373554 
137509 
137276 
1320625 
13-2976 
1325329 
1387624 
1390041 
1392400 
1394761 
1397124 
1399189 
1401856 
1401225 
1406596 
140-969 
1411344 
1413721 
1416100 
1418181 
1420864 
1423249 
1425636 
1428025 
1430416 
14:32809 
1435204 
1437601 
1440000 


, 
Cm 
— Um 
. 
L] 
CI 


33.7786915 
33.7931905 
33.8082330 
33.8230691 
33.37 r4R6 
33.8526218 
3.3. 867 384 
33.821487 
33.896902 
33.9116199 
3:3.926:1909 
33.9411255 
33.9558937 
33.9705755 
33.952910 
34.0000000 
34.01470927 
31.0293990 
34.0440R00 
34.0587727 
34.0734501 
34.081211 
34.1027858 
34.1174449 
34.14320963 
34.11467422 
34,1613817 
34.176010 
34.190610 
34.2052627 
34.229877: 

34.231155 
34.2490875 
31 2636834 
34.272740 
34.292864 
34.307436 
34.320046 
34.33656094 
34.3511281 
34.366805 
34.380226 
34.3947670 
34.4093011 
34.42:3R2n9 
34.438307 
34.452866 
34.4673159 
31.4818793 
34.4963766 
34.5108678 
34.5253530 
34.5398321 
34.5543051 
34.5657720 
34.583239 
34.5976579 
34.6121366 
34.6265794 
34.6410162 








1442401 
1444204 
1447209 
1449616 
1452025 
1454436 
1456249 
1159264 
1461681 
1464100 
1466521 
1468944 
1471369 
1473796 
1476225 
1478656 
1481089 
1483324 
1485961 
1488400 
14903411 
1493284 
1495729 
1498176 
1500625 
1503076 
1505529 
1507984 
1510441 
1512900 
1515:361 
1517824 
152029 
1522756 
1525925 
1525696 
1530169 
1532644 
1535121 
1537606 
1540081 
1542564 
1545049 
1547536 
1550025 
1552516 
155%:5009 
1557509 
1550001 
1562500 
1565001 
1567.04 
1570009 
1572516 
15795095 
1517530 
1580049 
1582564 
1585081 
1587600 








Sqre. root. 


34.6554469 
34.6698716 
34.6842904 
34.6987031 
34.711099 
34.727107 
34.7119055 
34.756944 
34.7706773 
34.7850543 
34.7904953 
34.8137904 
34.8281495 
34.8425028 
31.8568501 
34.8711915 
34.8855271 
34.992567 
34.9141#05 
34.9281984 
34.9428934 
34.9428104 
34.9571166 
31.9714169 
34.9857114 
35.0000000 
35.0142828 
35.02-5598 
39.0428309 
35.0570963 
35.0713358 
39.056096 
35.099857 

35.1110997 
35.1 283361 
35.1492:568 


= 





35.1567917 ; 


35.1710108 
35.1552242 
39.1994318 
39.21363:37 

5.227299 
39.2420201 
39.2961501 
35.2703R42 
3n.2845570 
35.29R7202 


35.312Rn72 
35.327045 
49.:411941 
35.35543491 
35.3694754 
39.383610 
39.3977400 
35.411864 
3b.4250792 
35.4400903 
35.4511958 
39.4682957 
35.4823900 





—| 


OF NUMBERS FROM 1 To 1600. 





a ———— 


























Il 

No Square. | Sqgre. root. || No. Square. | Sqre. root. || No. | Square. | Sqre. root. 
1261 | 15901921 | 35. 5105618 1321 | 1745041 | 36.3459637 || 1381 | 1907161 | 37.1618084 
1262 | 1592644 | 35.524639 || 1322 | 1747684 | 36.2593179 1382 | 1909921 | 37.1752606 
1203 | 1595166 | 35.537113 || 1323 | 1759329 | 36. 3730670 || 1:53 | 191-:6"9 | 37.1887079 
1264 | 1597696 | 35.5527777 || 1324 | 1352976 | 36. 36108 || 1:84 | 1915456 | 37.2021505 
1265 | 160025 | 35.566385 |! 1325 | 1755627 | 36.100:4154 1325 | 1915295 | 37.2155881 
1266 16502756 35.2" 0 137 1326 1759276 | 36.1142229 1326 | 1920996 | 37.2290209 
1067 | 1605289 | 35.591944 || 1327 | 1760929 | 36.4: 280112 || 1:37 | 192369 | 37.2224489 
1268 | 1607824 | 35.60R0n76 || 1328 | 176:554 | 36. 4417343 || 1388 | 1926544 | 37.2558720 
1269 | 1610361 | 35.623062 || 1329 | 1766241 | 36.45: 34523 || 1329 | 1929321 | 37.2692903 
1270 | 1612900 | 33.637059 || 1330 LE 36.469160 || 1390 | 1932100 | 37.2827037 
1971 | 1615441 | 25.6910269 || 1331 | 1771361 | 36.4878727 1391 | 1931881 | 37.2961124 
1259 | 16170+4 | 35.6651090 || 13:32 rares 24 | 36.496752 || 1392 | 1937664 | 37.3095162 
1973 | 1620529 | 45.6791255 || 1333 | 177689 | 36.510275 1393 | 1940119 | 37.322915 
1274 Gr 45.6021366 || 1334 | 1759556 | 36.523647 || 1304 | 1043296 | 37.3363094 
1275 | 16254 39,107 [421 1433 | 1382%05 | 36.5376n48 || 1305 | 1946023 | 37.3496988 
1276 | 16: ts : 45 7011400 || 1336 | 1784896 | 36.551438 || 1396 | 194216 | 37.3630834 
1277 | 1630729 | 33.7351 6 1237 | 1707569 | 46.56:.0106 || 1397 | 1951609 | 37.3764632 
1278 | 1633084 | :35.7491058 || Lin | 1790244 | 36.572068 23 1398 | 1954404 | 37.3898389 
1279 | 1635841 | 35.761095 || 1349 | 1702921 | 96.592:34r9 1:99 | 1957201 | 37.4032084 
1280 | 16334100 | 35.7370R876 || 140 | 179:.600 | :36.6060104 1400 | 1960000 | 37.4165738 
1281 | 1640961 | 35.791003 || 1:41 | 1798271 | 36.6196668 || 14U1 1962801 | 37.4299345 
1282 164 4524 39. 8050276 1H? 2 100964 6, 6333101 1402 | 1965604 | 37.4432904 
124 LE ILGSE 35.3 29457 1341 1806:36 | 36.6606056 || 1404 | 1971216 | 37.4699880 
1085 | 1651225 | 35.8168066 || 1345 | 1709025 | 36.6742416 1405 | 1974025 | 37.4833296 
1086 | 1653796 | :35.R6084121 || 1346 | 1811716 | 36.68:5726 1406 | 1976836 | 37.4966665 
1237 | 1656369 | 35.874782 || 1:47 | 1#14409 | 36.7011986 1407 | 1979649 | 37.5099987 
1oes | 1658944 | 35.8887169 || 1348 | 1817104 | 36.715119: 1408 | 1982464 | 37.5233261 
12-9 | 1661521 | 35.90: 26461 || 1:349 | 1719-01 | :36.7287353 1109 | 19859281 | 37.5366487 
1290 | 1661100 | 35.9165699 || 1350 | 1522500 | 36.712:3461 1410 | 1928100 } 37.5499667 
1001 | 1666681 | 35.9304704 || 1351 | 1825201 | 36. 7559519 || 1111 | 1990921 | 37.5632799 
1292 | 1669264 | 35.9444015 || 1352 | 1823904 ! 36. 7695526 || 1412 | 1993744 | 37.5765855 
1993 | 1671849 | 35.9583092 || 1353 | 1230609 | 36.783143 1413 | 1996569 | 37.5898922 
1094 | 1674436 | 35.972115 || 1354 | 18: 110 36.7967390 || 1414 | 1999396 | 37.6031913 
1295 | 1675025 | :35.0861084 || 1355 | 183602 | 36. #103:46 || 1415 | 2002225 | 37.61641857 
1296 | 1679616 | :36.0000000 || 1356 | 18337 36 36.819053 || 1416 | 2005056 | 37.62977:4 
1297 | 162209 | 36.012802 || 1357 | 1811449 | 36.837 4"09 || 1417 | 2007859 | 37.6430604 
1098 | 1684204 | 36.0277671 || 1358 | 1844164 | 36. 8510513 || 1418 | 2010724 | 37.6563407 
199 | 1687401 | 36.0116426 || 1:39 | 1846881 | :6. 2646172 || 1419 | 2013561 | 37.6696164 
1300 | 1690000 | 36.055128 || 1360 | 1549600 | 36. 8781778 || 1420 | 2016400 | 37.6828874 
1301 | 1692601 | 36.0693:76 || 1361 | 1852321 | 36. 8917335 || 1421 | 2019241 | 37.6961536 
1302 | 1695704 | 36.0<32371 || 1362 | 1255044 36.9052849 || 1422 | 2022064 | 37.7094153 
1303 | 1694809 | 36.0070913 || 1363 | 1857769 | 36. 9123299 || 1423 | 2024929 | 37.722672 
1304 | 1700416 | 36.1109402 || 1364 | 1860496 36.9:323706 || 1424 | 2027776 | 37.7359245 
1305 | 1703025 | 36.124783 || 1365 | 1863225 | 56. 9459064 || 1425 | 2030625 | 37.7491722 
1306 | 1705636 | 36.1386220 || 1366 | 1865956 36.9594:372 || 1426 | 2033476 | 37.7624152 
1307 | 1705249 | 36.152450 || 1367 | 1668689 36.9729631 || 1427 | 2036329 | 37. 
1304 | 1710864 | 36.1662-26 || 136 | 1871424 36.986440 || 1428 | 2039184 . 
1309 | 1713481 | 36.180100 || 1369 | 1874161 37.0000000 || 1429 | 2042041 . 
1310 | 1716100 | 36.193921 || 1370 1876900 | 37.015110 || 1430 | 2014900 . 
1311 | 1719721 | 36.2077340 || 1371 | 1879641 37.0270172 || 1431 | 047761 . 
1312 | 1721:514 | 36.221406 || 1372 | 183234 37.0405184 || 1432 | 2060624 . 
1312 | 1723969 | 36.2253419 || 1373 | 1825129 37.0540146 || 1433 | 2053489 . 
1314 | 1726: 56 36.2491:479 || 1374 | 1827876 | 37.0625060 || 1434 | 2056356 . 
1315 | 1729225 | 36 2626287 || 1375 | 1890625 37.0890924 |! 1435 | 2059225 . 
1316 1731856 36.2767143 || 1376 | 1893376 | 37.0914740 || 1436 | 2062096 . 
1317 | 1734489 | 36.2904946 || 1377 | 1896129 | 37. 1079306 || 1437 | 2064959 . 

| 1 Lisarta |a6.304%697 | 137< | 1eumen4 | 37.1214221 || 1438 | 2067844 | 37. 
1319 1739761 | 36. 3180::96 1:3:9 1901641 | 37.134895 14:39 | 2070721 . 

| 1320 | 1742400 | 36.3312042 | Leu | 1904400 | 256.143 18 | 1140 | 2073600 . 

QE —————_— ee << 


2076481 
2079364 
2052249 
2085136 
2088025 
2090915 
209::509 
2096704 
2099601 
2102500 
2105101 
2108304 
2111209 
9114116 
2117025 
2119936 
9122349 
2125704 
2128681 
2131600 
2134521 
2137444 
2140369 
2143296 
2146225 
2149156 
2152059 
2155024 
2157961 
2160900 
2163541 
2166784 
2169729 
2172676 
2175625 
2178576 
2181529 





TABLE OF SQUARFS, SQUARE ROOTS 





Bqre. root. 


37.9605058 
37.9736751 
37.986 038 
38.0000000 
33.0131556 
33.0 :6:3067 
35.0394.::32 
2.025952 
3.0657326 
38.018005 
38.091993 
38. 1 105117 
33.118337] 
38.1313. 319 
3.144462? 
38. 155681 
33.17066!)3 
32.135 062 
33.196: 
38.2099163 
38.2220297 


38. 2361085 


38.219129 
4 202 2)"29 
38. et Hù 317$ 
38.283191 
360.:4014360 
38.311181 
38.327535 
38.:3405190 
38.3530178 
38.360611522 
38.376821 
38.3927076 
38. 4057287 
38.418744 
38.431777 
35.444766 
38.4577691 
38.4707681 
38.483727 
38.496730 
3.5097390 
38.5227206 
38.5350977 
38.516: 05 
38.561639 
38.57 460:0 
38.587567 
38.6005181 
33.61:34691 
38.6264158 
38.6393582 
38.622962 


1495 | 
1496 | 
1497 
1493 
1499 
1500 
1501 
L DU"? 
1504 
1504 
1: AUS 
1506 
| 507 
1508 
1509 
1910 
151 | 
1:12 
1513 
1514 
1515 
lolü 
1517 
1518 
1519 
1520 
1521 
5 “he » 
1:23 
1524 
1525 
1526 
1527 
1528 
15:29 
1530 
13: 
15432 
1533 
15:34 
1535 
15 
1537 
1535 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 





—— 


pen 
223016 
241009 
9244004 
22147001 
AAULUU 
us 3001 
Ÿ- 6004 
225900.) 
226016 
2265025 
>) Us b. 
2271049 
“207 1064 
97 10] 
2%r»U I UK) 
208, L' 
dont l 44 

2:19 169 
PAU ET 
2: 205 
209 2nh5 
Q3Ul'é#r9 
2304334 
2307301 
2310400 
2313441 
2316184 
2319529 
23225 :6 
2 +2 2: DO" 20 
2:32#6:0 
"23317%9 
2331771 
2337741 
210900 
2313061 
247021 
DR AU USE 
2353100 
2356225 
2330296 
262369 
23074144 
2362921 
2:37 1600 
23:46A1 
23171114 
23-0749 
2383036 
237025 
2390116 
2393209 


Sqre. root. 


33.6652299 
38.679159 
33.610813 
34. 7040050 
35.7169214 
3,720 
38.7127412 
30.7. 26447 
#. 10". 4: ju) 
1.101 D'or 
3, 704229 1 
3.032 10% 
35. 8200978 
n. 83207 557 
J9. {nnd4) 1 
39.007 184 
20.811074 


30814442 |: 


3. 8073006 
3.910129 
234. 92:30 009 
34.9358 147 
3N, 4541 


3.961194 |: 


3. 47 4. 05 
5. 9»; 17 dt 4 
39,0000000 
SONT ET ne 
39 0216376 
39.051426 
39.00 1243 

30,06404199 
30.076173 
39.096406 
39. 10724296 
39.1132144 
30, 127901 
33.1407716 
19,15:30430 
39 1663120 
30.1790760 
9 191309 
30.045915 
39.217431 
30,2400905 
29.240337 
30,559 72% 
39,269:4078 
39.210387 
30.:9:376004 
39, 3064" 0 
39.:3192065 
39 3319208 





re-rot, | No. | Square. | san root. | to. | square Sqre. root. 


2396304 
2390401 
2402500 
2405601 
2408704 
2411809 
2414916 
2418025 
2421130 
2421249 
2427364 
24304"1 
2433600 
2436721 
2439844 
214269 
2146096 
0449205 
2452350 
2 155489 
2495864 
2461761 
2454900 
246 041 
24711851 
2471319 
2177479 
241 0675 
218357:0 
2409 29 
24590081 
2493241 
2196406 
21499561 
2302724 
D). DS Y 
2509056 
512295 
2515:3096 
251569 
2521744 
V2 1421 
252*100 
EN EL. 1 
J.31164 
2537649 
254036 
241405 
2547216 
2590 109 
25936504 
259641 
2560000 


39.3700394 
39.027373 
39.305431" 
39.4081210 
39.4208007 
39.43:31883 
3),446168 
39.458393 
39.47 15087 
39.4841740 
39.4963:333 
39.094925 
39.522147 
39.5317Y48 
39.474399 
39. 5600809 
39.5727179 
39,555350R 
39.9979797 
39.6106046 
39.623229 
39.633424 
39,61094552 
39,6610640 
39.613607 
39.6362096 
39.698065 
39.7114503 
39.740411 


39.143009 :9 || 


39.749133 
39.76017907 
39.774306 
39.766932 
39,.7994976 
3H.8LLU5SS 
39.%241 105 : 
39.93: 6616 

39,8497177 | 
39. STE 
39.#7 4040: 


TT T — — meme = - . 


39.3446311 
39.357534 3 


2 MT 45 | 
30.91 :4041 
30, 1240905 
39.937451 1 
29,7 40m 67 


39.97 49972 
39.974090 


29.9624 %24 


40.0000000 | 





La 4 


TABLE II. a. 
AREAS OF CIRCLES. FROM # TO 150. 


LAdvancing by an Eighth.] 


5 


KKk Sick 


E 





8 


Sir Mie Hier Kiss 





E 
3 


Ski” Sie" Nid Send 






DENT 
ol 




































































12 AREAS OF CIRCLES. 
TABLE.—(Continued.) 

Diam.| Ares l'Dium.| Area. [Diem.| Are [Dium.| Are |Dinn. 

28. ” 49. 


ski ri 








31. 





RER NI à 


Sie 


EX 















RER TE 


“iii 






ARCS 









1 
DLL 
4 






TE 
1149.0=9 
l 


RSS 






369. 53 
Ba | 4 






























SSSR 








RER ARR RIRIGRIR Ie 





ESS 


Er 





ES 








1973.33 
1983.18 
1993.05 














Ski" seins" 





KR RIRE St Silk à 





61 


je 





HkRRER Sue 


























AREAS OF CIRCLES. 13 


TABLE.—(Continued.) 



































Diam. | Area. iam.| Area. |Diam.| Area |Diam.| Area ||Dium.| Area 
63. 3117.95 3249.46 || 77. * | 4656.64 . 5541.78 || 9L. 6503.9 
. 3120.63 | .1$ | 3862.23 || .1$4 | 4671.77 || .1g | 5598.29 || .1g | 6521.78 
1 | 3142.04 ; 3876. .14 | 4686.92 4 | 5574.52 4 | 6539.68 
Bè| 415447] 361 as || 821 azur || $6| 559137 | $| 6587.61 
L | 3166.93 || . 3903.63 ||  .16 | 4717.31 lé | 5607.95 || .Lé | 6575.56 
5e | ‘3179.41 . 3917.49 36 | 4732.54 38 | 624.56 #8 193.54 
.34 | 3191.91 L4{ | 3931.37 .34 | 4747.79 .34 | 5641.18 ; 6611.55 
Te | 3204.44 . 3945.27 Ze | 463.07 % 5657.54 % 6629.57 
641. 3217. 3059.2 || 78. 4555.37 . 0674.51 || 92. 6647.63 
lg | 3229.50" | 3973.15 : 4793.7 lé | 5691.22 | 14 | 6665.7 
. Ja 3242.18 Ag | 3087.13 .14 | 4809.05 14 | 5707.94 24 | 6183.8 
34 | o18l 3% | 4001.13 .36 | 4424.43 32 n1 24.69 34 6701.93 
lé | 3262.46 15 | 4019.16 15 | 4839.73 bs | 5741.47 | lé | 6720.08 
.Jg | 320.1" Jg | 1029.1 Jg | 4855.26 3 | 5750.27 36 | 6738.25 
3 | 322.4 34 | 1043.29 || 32 | 4570.71 34 | 5275.1 34 | 6756.45 
| 3305.56 .Tg | 4057.39 26 | 4856.18 | 5791.94 Je | 6774.68 
65. 3310.41 || 72. 4071.01 || 79. 4901.68 5808.%2 || 93. 6792.92 
| 3831.00 g | 4085.66 .1g | 4917.21 M | 5825.72 6 | 6811.2 
: 14 AIRE lg | 4099.83 4 | 4932.75 14 | 542.64 24 | 682y).49 
36 | 306.71 33 | 44.0 . $ 4948.33 32 5459.59 5e 6547.52 
1 | 3369.56 | 4128. .L | 4963.92 JL | 5876.96 Le | 6R66.16 
5 | ‘3352.43 38 | 4142.51 58 | 4979.55 6 | 0893.55 28 6584.53 
Ja | uo.43 || 3! 4156.78 34 | 4995.19 34 | 5910.58 || .%4 | 6902.93 
TG | 4108.26 || .7$| 4131.08 || .7$ | SUIU.n7 || .76 | 5927.62 || 76 | 6921.45 
66. 3121.2 3. 4185.4 || 80, 5026.56 5944.69 || 94. 6939.79 
Jg| 3434117 || 16! 4199.74] | 5042.28 || 1 | 5961.79 || .16 | 6958.26 
4 447.19 Li | 4Y4.LI Lg | 5U53.02 4 | 5978.9 24 | 6976.76 
82] movin | 321 avessi || 52! surazu || 52 | 5906.05 | 3561 6uv5.08 
.L6 | 3174.24 .g | 4242.03 lé | 5080.59 Jé | 6013.22 L | 7013.82 
SJ | 348.3 “34 | 457.37 5 | 5105.41 36 | 6030.41 36 | 7032.39 
.34 | 3499.4 34 | 423104 |] 82] 5191.25 || 32! 6047.63 || .34| 700.98 
.Té | 312.52 | AG .Tg | 0147.12 Ze | 6064.87 T6 | 7069.59 
67. 32.66 . 4500.75 || 81. 5153.01 60°. 14 F 7053.24 
lg | 538.83 4315.30 lg | 9164.93 : 6099.43 lé | 71069 
$ 3599.02 1 4:129.96 . 13 h1e4.87 f 6116.74 4 | 7195.59 
36 | 3565.74 3$ | 4344.55 3 | 5200.73 36 | 6134.08 8 7144.31 
15 | 4574.48 Hé | 4399.17 Lo | lt. 14 | 6151.45 Je | 7163.04 
| 3091.74 56 | 4333.81 56 | 022.84 36 | 616%.84 6 | 7181.81 
34 | 3605.03 34 | 138.17 34 | DiRxs 3 | 6186.25 34 | 700.6 
| 3618.55 7% | 4403.16 T6 | 5264.94 16 | 6203.69 Jé&| 7219.41 
68. 3631.69 1413.85 || #2. DN1,03 . 6221.15 || 96. 7239.95 
MK | 3615.05 1$g | 4132.16 Ag! 0297.14 | AS | 6233.64 16] 725.11 
4 | 3658.44 da | 4447.37 Lg | D513 2x 24 6256.15 14 | 7275.09 
$ 3671.55 | 4462.16 36 D40.44 Je | 6273.6) 36 | 7294.91 
Lo | 3675.20 15 | 4476.98 LS | 5315.63 Jo | 0291.25 15 | 7313.84 
3 | 3698.76 58 | 44HL.AI S8 | DH6LS1I Sg | 6308.54 36 | 7332.8 
«34 | 3: 12.24 34 | 1606.67 31! 378.0 Ja) 6306.44 31 | 7331.79 
| 3629.75 Ze | 4521.56 el DOI Te | 344.03 Ze | 7310.79 
69. 37 30,2) dhi,47 || #3. 4 RIDE 6301.54 || 47. ÉRURS: 
1g | 3702.55 lg | 1591.4 lg | 5126.93 Jg | 1330.42 16 | 340.589) 
Li | 3766.13 La | 4506.36 La AA Vi A4] 6317.13 14 | 7497.07 
3% 3780.04 SARA 32! 159.62 36! 6414.86 36! 3117.08 
dé | 3793.6% US | 4596.36 15 | 5476.01 L | 6432 67 74661 
56 | 3807.34 38 | 4611.35 Sg | 5492.41 36 | 6490 4 Je | 745.55 
.37 | d3u21.02 3 | 4626.45 34 | 530<.84 3{ | 64tin.vl 84 7001.55 
el 83173] 261 461153 5%) 563 || (71 éssies | 25] 552325 
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1 9ti2.4 
1541.51 
7600.n2 
1620.15 
26:39.5 
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1624.23 
7697.71 
7717.16 
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7750.13 
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AREAS OF CIRCLES. 
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#5 00.3: 
8341.7 
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C0. 43 
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10207.06 
1025 1.78 
101296. 79 
10:541.8 

1036.91 
1443::,12 
10457.43 
10522.=4 
10: 66, 34 
1061:3.94 
10659.61 
10705. 44 
10751.34 
10797,:34 
J]0E4:1.43 
10=81,62 
10Y35. 9 

1098.3 

11025.74 
11079.37 
11122.06 
11168.8:3 
11219.71 
1126%2.69 
11:309.:6 
11350.93 
11404.2 

11451.57 
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1167J.x9 
1177.85 
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118:34.06 
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{Continued).—[Advancing di Lidrancine 0 a Quarter and a haif.] 
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1i582.32 || 1:39. 


119:30.6% 
11979.,2 

1'2027.60 
19076.31 
12120. 05 
12158. ÿ 

1222.84 
(2071. 87 
12370,20 
12469.01 


21 12566.17 


12667.72 
12767.66 
12#67.9) 
1°2968.71 
13069.24 
13171. 
132743.26 
13371.55 
13478.25 
L91.33 
1684.R] 
1378.67 
13992.94 
13997 .54 
14102.64 
1420.07 
14:31:3.91 
144:20.14 
1456.76 
146:33.70 
14741.17 
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el 1594°,52 


16060.34 
16173.15 
1626.05 
16:399.34 
16::1:3.03 
1067.11 
167 41.59 
16556.44 

16971.71 

17087.36 


_17208.4 
°17319.85 


1746.67 
17553.29 


7/2 
50. | 17K71.5 
36! 17769.51 





To Compute the Area of a Diameter greater than any in the preceding Table, 


Reze —Divide the dimension by two, three, four, etc., if practicable to do 50. until 1t is reduced 


to a diameter to be found in the table. 
Take the tabular area for the diameter, multiply it by the square of the diviser, and the product 


will give the area required. 
ExauPze — What is the area for «a diameter of 1050 ? 


1050—-7=—160 ; tab. area, 150—17671 5, which X 72=865903.5. area required. 


To Compute the Area of an Integer and a Fraction not given in the Table. 


Rozs —Double, treble, or quadruple the dimension given, until the fraction is increased to a 
whole number, or to one of thuse in the table, as 4, 4, etc., provided it18 practicable to do s0. 
T'ke the area or this diameter ; and if it is double of that for which the area is required, take one 


fourth of it ; 


if treble, take one 9th. of it and if quadru 
ExamPLE Gras the area for a circle of 2. 4 inc 
% X2=—4ÿ, area for which = 15.0331, which + 4— 3,758 na, 


pes take one sixteenth of'it, etc., eto. 


TABLE IL b. 


CIRCUMFERENCES OF CIRCLES, FROM #% TO 160, 





















































86.7867 
87.1794 


LAdoancing by an Eighth.) 
Diam. | Circum. |Diam. | Circua. ||Diam. | Circum. ||Diam. 
# | 04900 10. | 31416 ||16. 
h | œmr| . È . 
2 | 963 || : # : 
& | x | - : : 
# | |: # : 
4 | ses IR 54 
| 5 | : : k 
4 ia # È : k 
# Las | : : : 
4 | 15708 è : È : 
% | ins % È A 
à Lives 1 : 
D # # # # 
1 : ; : s 
Nuls die) ee à 
+ +24 L 4 & 
# De s . 5 
APARIE PE FER 
# ë ë 3 3 
# ñ E 
‘y x k “ 
ÿ $ ; 
# # # 









































49.402 











16 CIRCUMFERENCES OF CIRCLES. 
TABLE.—(Continued.) 
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TABLE.—(Continued.) 
Diam. 
” FA 70 77 el. 263.74 || VI 
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8 1un,706 FE # 
3 | 109.009 #2 2109 Ex 
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319.503 
150.258 
350.074 . 
351.839 || 121. 
312.645 . 


422,545 
424.116 
425 687 


EE 
K' fie Ki 
£ 
4 





TABLE.—(Continued.) 
W M] 387. 
141 306662 || 5€| 387. 
Sel sug.uss ||  !52 3] 399. 
3e| 309.448 || 106. 
Sel 30e || 14 x. 4| 300: 
8] 310.23 || 5] 334: | Lt 
el 310.626 | :$| 335.%6|| | SG] 391. 
go"! 311018 [Liv "| 336.151 || 116. 125. | 392.7 
sl sun 34] 56% || | nel 34771 
421 311804 || 1] 347.72 196.7 | 395.842 
5 312196 || 3%] 334507 xl 397.412 
| s125%0 |1o8. | 530-205 | 117 197.7 | 398.983 
561 312.980 || 16] 340 078 36 400.554 
8 m1335|| 1] 340.861 | 198 | 402.125 
| 313767 || Hi] 541.619 | 16] 403.606 
100. "| 31416 ||109. | 342.434 || 118 199.7 405.266 
dl 314945] 1] 3x2 | 406.437 
1 315.731. 16] 344.008 130.7 | 404.408 
S 65161 $| Aiv1|| | gl 409.979 
101." 317.302 || 110] 346.576 || 119! 13177 | 411.55 
sl 318.087 || 2 6%1|| | él 41312 
32 318872 || 1] 347.147 13277] 414.691 
Se] s9:6|| 51 7.2 Ml 416.262 
102: | 320.445 || 111 | 348.718 || 190 1337 | 417.813 
V k 
dr 
% Xe 
3 | & 16 
395.1: él 353.43 136.7 | 425.258 
| 325.941 Hal 34.215 . | 427.828 
104, "| 326.726 13: *| 355.001 || 122! 1377 4:30.399 
al 37.812 1] 255786 || xl 43107 
16| 328.297 | .K| 356.572 134 43.541 
81 329.088 || 31 357.367 H] 45.12 


To Compate the Cireum of a Diameter greater than any in the prec d ag Table. 


Roze.—Divide tbe dimention by two, three, four, etc., if practicable to do 80. until it is reduced 
to a diameter to be found in the t ible 

Take the tabular circumference for this d'mention, multiply by 2, 3, 4, 5, etc, according ss it 
was divided, and the product will give the c rcumference rey ired 

ExamPce —Whatis he ‘ircumference for a diameter of 1050 ? 
1050-=7—150 ; tab. circum . 150 =471,239, which X 7=3299.073, cireum. required. 


To Compute the tireumfer-nee for an Integer and Frartion not given in the Table. 
Rozs.—-Double, treple, or quadr ple the dim'ntion given. until the fraction is increase.i to a 
whole number or to one f th'3e in the ahle. as #, 4. etc, provided it is practical to do so. 
Take the circumfer :nces for : is diam ter; and if it is double of that for which the circumference 
is requir:d. tak one hilfof it ; 1f t.eble, take one third ‘fit; and 1f quadruple, o1e fourth of it 
Exawpzs.—KRequired the cire :mfer nce of 2 21875 inches 
2.21875 X 2 —4.4375 —47,, which X 28.7; tab creum —27.8817, which-5-4—6.9704 se. 


To Compute the Ciream. of à Diamrter in Fer: and Inches, etc. by the preceding Table, 


Ruze.—Rednce the drmention to inches or eighths, as the case may be, and take the circumfs- 
rence in that te:m from t e table for that number. 
Divide this number by 8 if it is in eigbths, and by 12 ifin inches, and tire quot'ent will give the 
arra in feet. 
Exawpze.—Required the circumference of a circle of 1 foot 64 inches. 
1 foot AL ik ins. =147 eighths. Circum. of 147=461.815, which-58—57.727 inches ; and 
y =+#+. ° 








TASLE XII. 
AREAS AND CIRCUMFERENCES OF CIRCLES, FROM ,, TO 100, 


LAdvancing by Tenths.] 






































Diam.| frea. Circum. Di ma. Circum “Gien pa | Area. | Circum. 
D D — | 
| 5. ETS 6:30 15.708 . 7.54 31.416 : 
1 .0058:4 31416 i[ .1 | 20.127 16.021 À #0,1186 | 31.730] 
2 021416 .628:32 2 | 212372 | 16:5303 2 81.713 | 32.0413: 
3 0706 94248 3 | 22.061* 16.604 3 NUS | HU on | 
‘4 12566 | 1.2566 4 | 229022 | 16.5616 4 84.478 | :32.6726 
5 .196:%5 1.5705 5 | 23.784 17.2708 5 815.590 | 32.0 6" 
6 28274 LH 6 | 246401 | 17.5929 6 8x.2475 | :23.3009 
7 «38475 2.1991 7 | 23.5176 17.9071 n #9.9204 | 33.615! : 
8 50266 2.133 8 | %6.4208 | 18.212 8 01.609 | 33.920 |; 
9 62617 2.8274 A!) 07.4307 18,5304 x!) 03.531:53 | 31.024:34 || 
1. «7854 3.1416 6. U8.2714 | 18.8496 || LL. 05.0334 | 31.576 
à 9503 3.4097 1 | 292247 | 19.1637 4H | 96.691! 34.8717 | 
2 | 1.1309 3.769" 2 | 30.1907 19.4779 2 O8.HU5 | 35.189 
3 | 12273 4.0*4 3 | 11:25 | 19.:92 8 | 100.277 | 35.501 
4 | 15393 4.3982 4 | 321699 | 20.106 4 | 1020705 | 3.8142 
5 | 1.7671 4.124 à | 331331 20.1:204 “) 103.H691 | 36.1234 
"6 9 0106 5.0965 6 31.212 20.7:145 .6 105.68:34 | :36.4123 ;: 
.7 | 2.268 5.3107 . 7 | 35.2566 | 21.0487 7 | 107.514! 46.7567 | 
5 | 2.5446 6.6518 8 | 36.3164 21.368 8 | 109.359 | 37.0703 
9 | 2.835 6.969 9 | 37.3928 | 21677 9 | 111.2204 | 37.384 
2. 3.1416 6.2-32 7. 38.4846 | 219912 || T2. 11:3.0976 | 37.6992 
.1 | 3.4636 6.5973 1 | 39.592 22 3053 1 | 114.9904 | 38.01% 
2 | 43.8013 69115 2 | 40-7151 22.6195 2 | 116.-989 | 38.327 
.3 | 4.1547 7.2256 .3 | 418539 | 22.93% 3 | 118.#241 | 33.61:6 
A | 45239 7.5398 4 | 43.008 | 93.2178 4 | 124.7631| 38.955e 
.5 | 4.9087 7.854 5 | 44.1787 | 23.562 5 | 1922.7187 | 39.27 
.6 | 5.3093 8.1681 .6 | 45.3617 | 23.8761 6 | 124.6901 | 395541 
7 | 5.7255 #.4523 7 | 46.5663 | 24.1903 7 | 126.6771 | 39.8983 
8 | 6.1575 8.7964 .8 | 47.783437 | ‘245044 8 | 123.6799 | 40.214 
9 | 6.6052 9.1105 9 ! 49.0163 24.n186 «9 | 130.6984 | 40.5266 
3, 7.0686 9.42148 8. 50.656 25.1325 2 132.7326 | 40.840: 
1 | 7.5476 9.7389 1 | 51.53 25.4469 1 | 134.7824 | 41.1:49 | 
2 | 6.0424 10.0531 2 | 52.8102 | 95.611 .2 | 136.843 | 41.4601 
3 | 8.553 10.367 .3 | 54.1062 | 26.0752 3 | 138.9294 | 41.7232 
4 | 9.079 10.6514 4 | 55.4178 | 26.323894 .4 | 141.0264 | 41.0974 
5 | 9.6211 10.996 5 | 56.741 26.703%6 B | 143.1391 | 42.4116, 
.6 |10.1787 11.3097 6 | 58.0881 | 27.0177 .6 | 145.2675 | 42.7257 | 
.7 110.751 11 6239 .7 | 59.4469 27.3319 .7 | 1474117 | 43.0399 | 
8 |11.3411 11.933 .8 | 60.813 7.616 8 | 149.5715 | 43.354 
9 111.949 12.252? 9 | 622115 27. 9602 9 | 151.7471 | 43.61n2 ! 
4, |12.5664 12.5664 9. 63.6174 28.2714 . 153.934 | 43.9821 
1 | 13.205 12.5405 LU 4 65.0389 | 28.5835 1 | 156.1153 | 44.2965 | 
2 |13.8544 13.1947 .2 | 68.4782 | 285.9027 2 | 158.368 | 44.6107 | 
3 |14.522 13 5083 .3 | 67.9292 | 292168 3 | 160.6061 | 41.924 
4 |15.2053 13.23 A | 69.323979 | 99.531 4 | 162.R605 #- 239 
5 |15.0043 | 14.1372 5 | 70.885823 | 929 4432 5 | 165.1303| 45.5532 
.6 |16.619 14.4513 6 | 72.3824 30.1593 6 | 167.1158 | 45.8673 
7 |17.3494 14.7655 .7 | 73.392 | 30.4735 7 | 169.717 | 46.1815 
8 |18.0ÿ56 15.0796 .8 | ‘79.4298 30.°076 8 | 172.034 | 46.496 
9 |18.8574 15.3938 9 | 76.977 31.10!8 9 | 174.3666| 46.8095 | 
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16.26.44 
1rs.6023 
191.151 
193.51:32 
196.067 
198.550 
201.062 
2043.58: 
206. L'2UR 
208 6729 
211.241 
213 2251 
216.4218 
219.0402 
221.671% 
201 315 
226.9806 
220 6588 
232.30 07 
230. (MH) 
2:51.7777 
2410.5287 
244, %r5n 
246.0:579 
218 r461 
251.65 
291.461 
257.404 
260. LD 
%6:4.0226 
269.900 
26n."031 
271.7169 
954.646 
237.517 
00.559527 
2H4.52)4 
2#6.5217 
2#9,. 5294 
212.5 5530 
295.n4:31 
098,64r3 
301.7192 
30L."06 
307.9022 
311 022 
414.16 
317.094 
320.474 
323.654 
426.852 
330.0643 


AREAS AND CIRCUMFERENCES OF CIRCLES, 


Circum. 


st nl EE 2 


47.124 

47.43#1 
47.7523 
48.064 
48.306 
48 6948 
49.0059 


49.324341 


49.6:372 
49.95 14 
50.26:6 
60.5797 
F0.84:39 
51.208 

51.12%4 
n1.#364 
D2,1500 
n2.4647 
52.721808 
53.093 

5:3.14072 
54.1213 
51.039 
14.84150 
54.6038 
4.958 

55.921 
D5.6063 
5.204 
D6.2346 
06.048 
6.86 
57.1:71 
3 491% 
57.- 054 
56. 1196 
0.438337 
58.7479 
59.06" 

n1.3702 
59.656904 
60.045 
6U 3187 
60.6:723 
60.947 

61.2612 
61.573 
6L."8y5 
62.2036 
62.n17% 
62.852 

64. 1461 
6:3.46503 
6:3.7744 
64.086 
64.40238 
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333.293 
330,036 

33), 79154 
343.030 
46.36 14 
#411.60679 
302. 0001 
3041.32 | 
309 617 
363.0)! 1 
366.4302 
369.8:77 

313.234 
376.626 
30. 1336 
38:4.5117 2 
3#7.0765 
390.579 1 
394,0523 
317.6087 
401.1509 
404.,7007 
408. 2223 
411.716 
415.4766 
418 0972 
422.5:3::6 
426.:3858 
430.03 
433.737 
437.433 
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4144.8u19 
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4:52.:3004 
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463.770 
467.51957 
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426.558 
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94% 6922 
95 L. 1503 
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995.345 
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1029.2195 
10:34.91%1 
1010.62: 
1046.:3491 
1052.0904 
1057.54174 
1063.62 
1069.4031 
107n.2126 
1031.0324 
10-6.3679 
1092.7 191 
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100.217 
100.532 
100.8453 
1ü1.1595 
101.476 
10!.:478 
10. 102 
102.4161 
102.7303 
103.044 
104.3586 
10:3.67 28 
103.9469 
104.:3011 
104.611 
104.9:2)4 
105.2136 
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105.8719 
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120.516 
121.2657 
121.579 
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123.404" 
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Diam Aren. Circum. ||Diam. Area. Circum. ||Diam. Area. Circurm. 
6 |1n55.0"33 | 152.617 2 |:2307.29%4 | 170.2747 .8 | 2r0*.6218 | 177.-676 
7 |1862.7253 | 152.159 3 |2318.714 | 170.583 9 |ouls.023 | 1re.1818 || 
8 |1#70.3%0u | 154.31 A4 |2324,9813 | 170.903 50. |2»#27.44 | 155.496 
O9 [1ki8.0563 | 153.642 5 1233238343 | 171.172 1 2236 8726 | Lan.*luI 

105.7 154 | 153.034 6 [2341403 | 171.5343 2 |2<46.321 | 189.1243 
L | 1893.4501 | 1542595 7 | 23499874 | 171.8455 3 [2855.75 | 189.4384 
2 11901.1706 | 154.565? 8 |2358.5876 | 172.1596 4 | 2865.94138 | 140.75 26 
.3 | 1908.906% | 154.808 9 |2367.2034 | 172.4738 5 | 2874.7603 | 190.066* 
À |1916.6587 | 153.195 1155. 1%375.833 ! 179.788 6 | 281.615 | 190.809 
.5 |1921.4263 | 153.309? 1 |2501.4822 | 173.1021 7 | 2843.7984 | 190.691 
6 | 19:2.2096 | 155.8233 2 |2303.1452 | 173.413 8 12904341 | 191.009? 
7 |1940.0056 | 156.1375 3 foule! 174.7:04 9 |2110.8003 | 191.3234 
HS |1947.3234 | 156.4:16 A4 24103182! 17uuu6 (61.  |'2992.4734 | 1916376 
9 |1955.6533 | 156.7558 D 225 | 154.138 L | 29320631 | 1919517 
| 1963.,5 157.08 6 |2427,5541 | 174.679 2 | 2941.66-5 | 192.659 
1 |1971.3618 | 157.:3941 7 |2436.6956 | 1741.9771 3 | 2051.2*07 | 192.58 
2 |1979.2304 | 157.708: +5 | 2445.48 | 172.309@|) 4 | 2960 9263 | 193."942 
«3 | 197.136 | 158,024 9 |2454.2257 | 173.61541 5 |9950.5791 | 193.204 
4 19950116 | J58.3:366 || 56. 246:3.0144 | 175.9296 6 | 2080.2474 | 193.525 ! 
5 | 2902.9663 | 1a9.630= 1 |2471.R187 | 176.2437 7 | 29n0.9314 | 1953.67 
6 |:2010.9067 | 155 9649 “0 |2460.6387 | 176.5:.79 4 | 2009.63 | L14.1508 
.7 | 2018.68 | 159.279! 3 |249.4745 | 176.72 9 | 3009.3164 | 194.465 
6 | 2026.n346 | 15y.5132 4 |:2458.3259 | 177.186% || 6% | 3019.0776 | 194.5 702 
9 |9031.577 15Y.9074 0 |2507.1931 | 177.5004 1 | 3023.8234 | 195.093 

94. 2042.8254 | 160.2216 6 | 2516.078 197.814 2 | 30:34.5869 | 195.407 
1 | 2050.8443 | 160 3357 7 |2524.07:6 | 17:8.12r7 3 |304<.3651 | 193.7216 
2 |2058.47r4 | 160.499 B |2543.880u8 | 17a.4128 4 | 3022.1591 | 196.068 | 
3 | 2066.9293 | 161.164 9 [25428188 | 178.757 5 |2067.9687 | 196.35 | 
4 |2071.9953 | 161.470 || 57. |2551.7616 | 174.071 6 | 3077.7041 | 196.6641 | 
5 |2083.0771 | 161.794 1 |2560.726 | 179.3253 7 |3087.63411 | 196.973 
6 |92091.1716 | 162.1065 2 |2669.7031 | 170.6995 8 | :3017.4949 | 147.224 
7 |20)9.2878 | 162.4207 3 |9578.6959 | 18n.01:36 9 |:3107.3614 | 197.6066 
8 |2107.1166 | 162.7318 À |o587,7045 | 180.3278 || 63.  |:3117.2526 | 193.9208 
9 |2115.5612 | 163.049 D 12596.7287 | 180.642 L | 31071564 | 19n.2349 
. | 2123.7216 | 164.3622 6 |2605.7677 | 180.761 2 | 31:37.0758 | 198.5491 
L La1sl #076 | 363.6773 7 |2614.8243| 181.2803 3 |3147.0114 | 198.764 
2 |2140.0893 | 163.9935 8 |2623.8057 | 181.544 4 | 3156.9464 | 199.1774 
+3 |2148.2067 | 164.306 || _ 9 | 642.988 | 181.6086 || +5 |3166.2291 | 199.49i6 
4 2156.5199 | 164 6198 || 95. | 2542.0856 | 1#H2.212s 6 |:3176.9115 | 199.8057 
5 |92164.7587 | 161.9:4 1 | 2651.2046 | 182.5269 7 |:3186.9097 | 200.1199 
6 |9173.01:33 | 165.2181 2 |9664.4382 | 182.8411 6 |:3196.9223 | 200 434 
7 |2181.2835 | 165.562 +3 | 2669.4882 | 183.1352 | +9 | :3006.9541 | 200.748 
6 |2180.5695 | 165.5761 A ours 6e | 1834604 164 | 3016.2954 | 201.0624 
9 o1y7.#712 | 166.1906 D [267.851 | 183.7836 1 | :3227.0593 | 2UL.3765 
| 2206.1-56 | 163.5048 6 | 2697.0221 | 184.0977 | +2 |:3237.136 | 201.6907 
1 22145216 | 166.4189 T7 |9706.2449 | 1n4.4119 | +3 | 3247.2284 | 202.0048 
2 | 9222,5704 | 167.1%:1 HS |u71n.47:3 | 184.726 | +4 |3257,3365 | 202,310 
3 [231.035 | 167.4472 9 |2724.71:5 | 1n3.0402 | +5 | :3267.4607 | U2.1332 
À |22:9,6152 | 167.7614 || 59. |97233.9774 | 185.354 | 6 |3277.5008 | 202.947: 
D | 9248,0111 | 163.07560 1 | 9743,2529 | 1r3.6685 7 | 3087756 | 203.261 
6 |2256,1207 | 16-3807 || 2 |2722.5442 | 185.947 || +3 |3297.006 |'203.5756 
7 |2264.8701 | 16+.7049 3 |9761.8512 | 1656.9696 || 9 |:3308.1126 | 03.93 
8 | 2742031 | 169.018 4 95711739 | 16.624 [105 431315 |204.204 
9 |ovel.7519 | 169.432 || -B |9720.5123 | 1n6.9252 || +! pen | 204.818] 

54. | 9200.2261 | 169.6464 6 | 9389.8664 | 187.2303 ‘2 | 3339,7668 | 204.8323 
À | 9008.7165 | 169.9605 || +7 |92799.2362 | 157.5535 || +2 |3349.0162 | 205.1464 
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TABLE.— (Continued.) 

Diam Area. Circum. | Diam. Area. Circum. | Diam. Area. Circum. 
A4 |3459.2814 | 205.4606 . | 3959.vu14 | 223.0536 .6 | 4608.3816 | 240.6465 
5 |:3360.3622 | 205.7748 1 |3970.3619 | 223 3677 7 | 4620.4218 | 240.9607 
6 |:H379.n#5e9 | 2U6.0»ny 2 |39*1.:381 | 223.68!9 8 |46:2.4776 | 211.274n 
7 | 3390.1712 | 206.40%i 3 |3092.7301 | 228.906 9 | 4644.5492 | 241.6987 
8 |:400.4192 1 206.7172 A |4008.9353 | 24.10% 1 77. | 4656.6:386 | 241.y0:32 
9 |:3410.x429 | ‘07.03:4 5 |4013.1611 | 221.6244 1 | 4668.7396 | 242.173 
. | 34212024 | 907.316 6 | 4026.400 | :2:24.93%5 2 |46:0.8583 | 242.5315 
1 [31315775 | 207.6597 7 |4037.655 | 225.257 3 | 4692.9927 | 242.5456 
2 |:3441.9623 | 207.939 B |4018.9254 | 225.5668 4 |4705.1429 | 243.1594 
3 |:3452.3749 | 2U8.28n 9 |4060.2116| 225.531 5 |4717.3087 | 243.474 
A4 !3462.7971| 908.602 || 72.  !4071.5146 | 226.152 6 | 4729.4903 | 243.7581 
5 |:3473.2351 | 208.164 1 !4082.8332 | 226.509: .7 |4741.6875 | 244.1023 
6 |:3453.6828 | 209 2305 2 | 4U94.1645 226.823 8 |4753.9605 | 244.4:64 
.7 |:3494.164 | 209.5446 «3 l4105.5125 | 227 13:6 9 | 4766.1292 | 244.7306 
.8 |3504.6432 | 209.=5e8 À ‘4116.6793 | 227.4518 . |4778.3736 | 245.0448 
9 |:4515.143 | ‘10.173 5 |4128.2587 | 227.36 1 | 4790.63:36 | 245.3559 
. |3595.6606 | 210.472 6 !4139.6524 | 28 UHOI 2 | 400.904 | 245.6731 
1 |:3536.192x | 210.8013 7 |4151.0667 | 225 3943 .3 |4515.201 | 245.9872 
2 |3546.7404 | 211.1155 8 |4162 4943 | 225.7081 4 | 487.502 | 246.3014 
3 |:35n7.3048 | 211.496 9 |4173.9376 | 220.0226 5 | 4839.8311 | 246.6156 
A4 | 35678637 | 211.7438 || 73. | 41#5.3966 | 2:9.3368 6 | 4552.1697 | 246.9297 
5 |3578.4787 | 212.058 1 |4196.8712 | 922y.6509 7 | 4864.5241 | 247.2439 
6 | 3589.0895 | 212 3721 2 | 4908.3614 | 229.9651 8 | 4876.8973 | 247.548 
7 |3599.7159 | 212.6863 3 |4219.8678 | 230.27y2 9 | 4nr9.2799 | 247.8722 
8 1361035381 | 9213.00u4 || 4 | 4231 3806 | 230.59:4 || 79. | 4901.6814 | 248.164 
9 |3621.016 213.3146 D |4242.9271 | 2:30.9076 .1 | 4914.0985 | 248.5005 
: 3631.6596 | 21:4.6285 6 |4254.4803 | 231.2217 2 | 4926.5:314 | 248.8147 
1 |3642.37u8 | 213.949 7 |4266.0493 | 231.539 3 |4938.932 | 249.128 
2 |3653.0538 | 2142571 8 |4277.6:339 | 2:31.45 4 |4051.4443 | 249.443 
«3 | 3663.504 914.712 9 | 428u.2343 | 232.1642 5 | 496:3.9243 | 249.7572 
À |3674.541 214.8454 || 74. 4300.da04 | 2:232.4744 6 |4976.484 | 250.0713 
5 |36%5.2931 | 215 1996 1 | 4312.4m021 | 2:52.7925 7 | 49849314 | 250.3855 
6 | 366.006 215.9137 2 | 4324.16 | 233.1067 8 | 5001.4586 | 250.696 
.7 |3706.8445 | 215.5279 || 3 |4335.7924 | 23:3.4202 || 9 |5014.0014 | 251.0138 
8 |3717.6437 | 216.142 A |4347.4715 | 2:34733 || 80. |5026.56 | 251.3280 
9 |3708.4587 | 216.4562 5 | 4339.16653 | 2:34.0192 1 |5039.1342 | 251.6421 
. |:3739.2894 | 216.7704 6 |4370.5766 | 234.:633 2 |5051.7242 | 251.9563 
1 |3750.1357 | 217.045 «7 | 4332.60%6 | 234.6775 «3 | 5064.3258 | 252.9704 
2 | 3760.9978 | 217.3987 8 |43)4.3448 | 9234 916 4 |5076.95:2 | 252.5846 
3 |3771.8756 | 217.7128 9 14406.1018 | 235.3058 5 |5089.5283 | 252.8985 
4 [37#2.7691 | 218.027 || 76. |4417.875 | 235.62 .6 |5102.2411 | 253.2199 
5 |3793.6783 | 9218 3412 .L | 4429.6638 | 935.9341 7 |5114.9096 | 253.5971 
6 |3804.60:% | 218.6553 2 | 4441.4684 | 2:36.2483 8 |5127.5938 | 253.8419 
7 |3815.5438 | 218.9695 3 | 4453.28536 | 236.5624 9 |5140.2937 | 254.1554 
8 |3826.5002 | 219.2836 || 4 |4466.1246 | 236.766 || 81. | 5153.0094 | 254.4696 
9 |38417.4722 | 219.5978 5 |4476.9763 | 237.190" 1 |5166.7407 | 254.737 
. | 3548.46 219.912 «6 |4488.54:37 | 9237.5049 || 2 |5178.4877 | 255.0979 
1 | 3839.4059 | 220.261 7 | 4500.7268 | 237.819 3 |5191.2505 | 255.419 
2 | 3870.4326 | 220.5403 8 | 4512.6256 | 2:35.1:432 4 | 5204.1285 | 255.79u2 
3 |3#31.5174 | 220.8544 9 | 4524.5401 | 2:38.4474 6 |5216.8231 | 256.0404 
4 | 3302.56 | -21.1686 |! 76. | 4536 4704 | 2347616 .6 |5220.633 | 266.3545 
5 | 43903 6:43 | 92214828 || -1 |4548.4163 | 239.07:7 || ‘7 |5242.4586 | 256.687 
6 |3u14.7163 | 2217069 || 2 |4560.3727 | 23u.38u9 || 8 |5255.29u8 | 956.9808 
7 lagesnl4 | 2221111 || +3 |4572.3553 | ‘239.704 9 |5268.1568 | 257.997 
4 |3936.9274 | 220.4250 || ‘4 | 4554.:3583 | 240.0182 5281.0286 | 257.6112 
9 |3948.0565 | 922.7394 || -5 |4506.3571 | 240.334 || -L |6293.918 |9257.9953 











AREAS AND CIRCUMFERENCES OF CIRCLES. 


TABLE.—(Continued.) 


H 


Area. 

















5890.1 
5903.7654 
5917. ven 





6972.0559 
5985.7691 
6099421 
6013.2187 
6026.4711 
6040.7391 
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AREAS AND CIRCUMFERENCES OF CIRCLES. 25 


TABLE.—(Continued.) 

















Diam. Area. Circum. | Diam. Area. | Circum. | Diam. 


a î<j sl ant sr | mens en Le ml nd 


7160.0347 | 312.275 .8 | 7822.6154 | 313.5116 


99. 7697.:054 | 311.0184 4 
1 [7713.2641 | 311.3:325 6 |7375.6563 212.592 || .9 | 7835.2998 | 313.5458 
2 17128.5336 | 311.6467 .6 |17791.29360  4312.9033 |: 100. | 7554. 314.16 
3 |7744.42%8 | 311.608 7 F806.94ju6 :31:3.2173 || 





To Compute the Area or Circumference of a Diemeter greater than any 
in the preceding Table. 


See Rules, pee 176 and 181. 

Or, {f the Diameter exceeds 100 and is less than 1001. 

Remove the decimai joint, and take ut the area or circnmference as for a Whole Number 
by removing the decimal point, if for the area, two places to the right ; and 1f for the circum- 
ference, one place. 

LzLusrTRATION.—The area of 96.7 is 71344.189 ; hence tor 967 it is 734418.9 ; and the circum- 
ference of 96.7 is 303.7927, and for 967 it is 3037.927. 





TABLE XIII. 
AREAS AND CIRCUMFERENCES OF CIROLES 


FROM 1 TO 0 FEET. 
(Advancing by an Inch.) 


ir 7854 | 3 18] 37. | 70686 | 9 5 | sf. 
1 9217 | 3 481 1, 74666 | 9 8%] "1 
2 | 1.069 8 8 2 | 785: 911$ | 2 
3| 1271 | 9311 3! mous: | 10 | 3 
Al 13962 | 4 2 al H7%65 | 10 5% || 4 
5| 16761 | 4 5% 5! 9683 | 10 85 || & 
6| 17671 | 4 6| 9évii | 1011%|| 6 
7 | 19639 | 411 7 | 100846 | 11 3 7 
8| 21816 | 5 2% 8!| ossi | 11 64) 8 
g | 2405 | 5 5%|| 9! 110146 | 11 03 || 9 
10 | 2638 | 5 9 10 | 11540v | 12 1 | 10 
11| 28852 | 6 92% 11| 12 | 12 45/|) 11 
Qft. | 3.1416 6 33% || 4/t.| 12.564 12 631] 6/1. 
11 34087 | 6 6 ‘11 12x00 | 12 9% | ‘1 
2 | 36869 | 6 956| 2| 136%3 | 13 1°| 2 
3 | 3.976 7 WU 3! 146 | 13 5! 3 
4| 4276 7 3%] 41 1:7a479 | 13 7% | 4 
5 | 45869 | 7 7 5 | 15.306 | 14104 5 
8| 49087 | 710%] 6| 15.043 | 14 1$ || 6 
71 sas | 8 181  7| 164086 | 14 4$|| 7 
8 | 5.585 8 4%|| 8171041 | 14 5% || 8 
9 | 59395 | 8 7$%|| 9!| 17720 | 1411 9 
10 | 63049 | 810$ || 10 | 183436 | 15 2% || 10 
11| 66813 | 9 1%|| 11] 18958 | 15 541] 11 





26 ABEAS AND CIRCUMFERENCES OF CIRCLES. 


TABLE.—(Continued.) 





Feet. Feet. Ins. Feet. |Feet. Ins. F'eet. | Feet. Ins. 


205.27%6 | 50 956 
207.346 | 51 3% 
200.5264 | 51 33 


fi. | 334846 | 21 11% 7 | 105.2794 | 36 41 

2 3 8 | 106.13 | 36 7% 

9 | 103.4342 | 36 10% 

420367 | 23 3]I| 1111115319 | 37 4 213.5251 | 51 10 
8 


2 
3 
4 4 
a12m25 | 2 9%] 10 |109.9772 | 37 23 6 | 211.6703 | 51 6 
6 
7 | 215.9806 | 52 Lg 
8 
9 





1 
2 
3 
4 
5 | 439020 | 93 2% || 12/2 | 113.0976 | 37 
D dore | 93 6% 1|1l46737 | 37 114 2151682 | 52 4% 
7 | 451656 | 23 9%1| 2 | 116.2607 | 233 25 220.353 | 52 7 
sl acicxs | 24 14|| 31117859 | 38 5% 10122551 | 52 10K 
gl air | 24 4%] 41119.4674 | 38 036] 11] 224.7603 | 53 1 
10 | auiye6 | 24 7% || 5 [121.086 | 39 17ft | 226.9606 | 53 4% 
111 490036 | 24108 || 61227187 | 39 32%] 1|22%.:106 | 53 8 
af} 502666 | 25 161 7ivdasu | 39 656 21314595 | 53 111 
1 orne | 25 1%] 81260177 | 3% 9% 3233.05 | 54 2 
| songé | 25 7% 11 91|127.6765 | 40 561 4125.96 | 54 5 
3 | 544562 | 5 LI 10 | 129.3504 | 40 3% 5 | 238.243 | 54 81 
4 | 545412 | %6 2 1 bi3iog | 40 6% || 6 | 240.527 | 54 11 
B | ossra7 | 26 64 || 13/2 | 142.7326 | 40 10 7 | 2426241 | 65 2% 
6| 56.741 | 26 © 1 |134.4391 | 41 ! 8 | 245.1316 | 55 6 
1 stress | v6ili | © |136.1874 | 41 4$$]] 912174 |55 9% 
al sage | 97 23%1| 3|1x.se7 | 41 34% 10 laure | 56 1 
| éousi | 27 6% || 41e | 42105] 1112521174 | 56 3% 
10 | 61.28%6 | 27 9 5 liatarst | 42 154 || 1x. | 254.4606 | 56 6% 
11 | 62.414ô 25 6 | 143.131 42 4% 1 | 256,303 | 06 935 
of. | 36174 | on 354|| 7 |1449211 | 42 6 2 | 2590013 | 57 % 
D Gamooe | on 03% || 8 |146.6949 | 42114 || 3 |26158:2 | 57 4 
o | ésgusl | 26 9 9 | 1484006 | 43 23|} 4126390807 | 7 716 
a érouu7 | 29 | 10 | 150.243 | 43 5% ||] 5! 266.3864 | 57 10% 
al ésaice | 29 33 11 lis2iu | 43 856] 6 265.031 | 58 136 
5 | 69.644 2 7 14 fé. | 153.9ax4 | 43 11$S | - 7 | 271.208 | 56 4% 
sl 70m | 29101 || ‘1|1567:58 | 44 7%] 8 |2736678 | 58 7 
n| 71300 | 30 14] 2/15762% | 44 6 9 | 2761171 | 58 105% 
al 71 | 30 431 3 |angauss | 44 96 10!278.:761 | 58 2 
o| race | 30 76 4aliélass | 44 1 11|281.0172 | b9 516 
10! 7693 | 301% 5 |iéxs:rs | 45 3161] 107 | 2085204 | 59 ed 
11l 770360 | 31 131 6165105 | 45 65) 11] 206.021 | 59 11% 
10. | 78.54 31 0 7 labrgorst | 45 93/1] 2 |228.5249 | 60 216 
1 | 79.854 31 8 | 165.479 | 46 7% 3 | 291.037 | 60 5 
o | 811705 | 1] 1170873 | 46 4 4 | 293.6611 | 60 05€ 
2 most | de 236 1012801 | 46 74|| 5] 26.107 | 60 11% 
SÙ garage | 32 516! 1111747565 | 4H 1154] 6 | 2M.6483 | 60 316 
5 | momoit | 3 og 15.176.715 | 47 1! 7 | 301.205 | 61 64 
s | eñ5sos | 22113 || ‘1|17m6<3 | 47 45%] 8 |303.:747 | 61 a 
| ergar | 33 2%] 92 |10.6634 | 47 751] 9306355 |61 % 
al esse | 33 él [165 | 47 10% || 10 | 308.448 | 61 336 
| go r6e7 | 33 9 4 |initsss | 48 vi] 11 3115469 | 62 6% 
10! gourao | 24 56 6 |anmiééns | 4 5361] 2071314116 |62 97 
11 935986 | 41 3 6 Lino | 4e Il  11316.7624 | 62 1% 
ape | go | 34 6%! 7 |nosa | an n$é| | 3194174 163 434 
D Gares | 44 9% alunrsisis | 4) 25 | | 322063 | 63 7% 
2 | 97.9347 3 % 9 | 194.-2#2 49 535$ 4 | 321.7132 | 63 1116 
à | ga: | 35 ag ll 10 imrous | 49 «7% 5 | 3273858 | 63 1 
a laoom797 | 35 74) 11/1073 | 60 6 | 330.0643 | 64 4%. 
S Lio asso | 25 103€ | 16e | vor.082 | 50 336 | 7 | 332.762 | 64 5% 
à Liosméoi | 36 1) 103165 | 50 65 | #1 33.45% | 64 1136 
ce ne. mt + 2" _— me ———— 











AREAS AND CIRCUMFERENCES OF CIRCLES. 27 








TABLE.—(Continued.) 
Diam Arva. Circum. bi un.| Area. Circum Dim. ° Area Circum 
Feet. Feet. Ins. Feet. | Feet. Ins. Feet. |Feet. Ins 
9 | :38.1637 6 tk 4 | 301,01 19 | 3020575 | 03 11% 
| 10 | 310.544 65 53% 5 | 505.47: 32 Lil || SU. | 306.<6 M4 2% 
| 11 | 343.6174 | 65 1, 6 | a10.7063 | 0 114 à | 720.5909 | 94 6 
| 21/1 | 346.3614 | 65 11 7 | 514.0484 | 80 43 21714735 |94 9% 
| 1 | 349.1147 | 66 23 b | 517.404 | mu 754 3 | 7LX.69 un fe 
. 2 | 351.8504 | 66 57% 9 | 520.762 | 80 103 417226 37 | 93 41 
3 | 454.6571 | 66 9 10 | 524.1441 | 81 17% 8 | 726.6305 | 95 63% 
4 | 357.4432 | 66 € 11 | 52:.5318 | H1 5 6 | 730.6153 | U5 934 
5 | 2360.2417 | 67 33€ || 26/4. | 530.9404 | 81 FI 71 734.614 | 96 % 
6 | 363.0511 | 67 6% 1 | 5:4.3379 | 81 111 8 | 7:30.6242 | 96 4 
7 | 365.8698 | 67 95% 2 | 53:.7083 | #2 23% y | 742,6147 | 94 714 
8 | 368.7011 | 68 3% 3 | 541.196 | 82 5j 10 | 746.67:% | 96 103€ 
9 | 371.5432 | 68 3% 4 | 541.029Y | 82 # 11 | 750.7161 | 97 1K 
10 | 374.3947 | 65 7 | 5 | 548.043 82 11% || 31/4. | 754.7694 | u7 45 
111 3:7.2587 | 68 103, | 6 | 551.5471 | 63 3 1|758.8311 | 97 7% 
22/4. | 360.1336 | 69 13€ 7 | 555.0201 | 53 84 2 | 762.1062 | 97 10% 
1 | 383.0177 | 69 4K 8 | 559.5059 | 83 91 3 | 766.3%21 | 98 2 
2 | 385.9144 | 69 75% 9 | 562.0027 | 84 3% 4 | 771.0866 | 93 5 
3 | 356.122 69 1037 || 10 | 565.5u54 | 81 3% 5 | 77.191414 | 98 8 
4 | 391.79 | 70 1221] 11 669.027 | e4 6% 6|7.3111 | 98 1% 
5 | 394.6683 | 70 © || 27/t. | 5:2.5:66 | #4 9% 7 | 783.4403 | 99 254 
6 | 397.6087 | 70 814 1 | 576.0949 | 85 1 8 | 787.5804 | 99 53% 
7 | 400.5583 | 70 111$ 2 | 579.6463 | 85 4 9 | 791.732%% | 99 8% 
x 8 | 403.204 | 71 21 3 | 6+3.2085 | 85 814 10 | 795.#92 fluo 
9 | 406.435 | 71 &5£ 4 | 686.779 | &5 113€ 11 | 800.0651 |100 3 
10 | 409.4769 | 71 83 6 | 590.3637 | 86 13 || 3271. | 8012496 1100 63£ 
11 | 412.4707 | 71 117% 6 | 5Y3.96n7 | 86 1% 1 | 808.44%2 [100 91 
23,ft. | 415.4766 | 72 3 7 | 597.5626 | 86 7% 2 | 812.6481 [101 3% 
1 | 418 4915 | 7e 6 8 | 601.1793 | 84 11 3 | 816.65 |101 3% 
2 | 421.5192 | 72 9 9 | 604.-07 7 26 4 | #21.0904 [101 6% 
3 | 4245577 | 73 10 | 60.4436 | 87 54 5 | 85.321 [101 10 
a | 4276085 | 73 3%] 11|612931 | e7 691] 6|62.5787 fioz 1% 
5 | 430.6658 | 73 632 || 287% | 615.536 | 87 111 7 | #33.8363 [102 13€ 
6 | 431.3371 | 73 9% 1 | 619.428 | 88 ‘5% 8 | &i.102 |l02 7 
7 | 436,817 | 74 1 2 | 6723.10: 8= n% 9 | 842.3095 [102 10% 
8 | 4:9.9106 | 74 “| 3 | 626.792 | 8 10 | n46.6513 |103 1% 
9 | 443.0146 | 74 714 4 | 630.002 | 89 11 | #50.9055 [103 4% 
10 | 446.1278 | 74 103 5 | 64.2152 | 9 31 || 33% | 855.4006 |103 8 
11 | 449.253 | 75 134 6 | 637.411 | 89 63% L|#59.624 (103 114 
24 ft. | 452.3904 | 75 13 7 | 641.675 | #9 91 2 | 06:1.9608 [104 ‘214 
L | 456.53%62 | 75 7% 8 | 615.4245 | JO 3% 3 | ais 3087 |104 6 
’ 2 | 458.4914 | 75 il W | MAY.1<1 | Jo 3% 4 | 872.6649 |104 8 
3 | 461.642 | 76 2% 10 | 652.495 | 90 6% 5 | 877.0:46 |104 113% 
4 | 465.0428 | 76 bi 11 | 656.73 90 111$ 6 | "81.115 [105 2% 
0 | 468.2341 | 76 #16 || 2974 | 660.5214 | 91 114 7 | 65.804 [105 6 
6 | 471.433 | 76 115 L'|6ti4.:5214 | 91 43 8 | 800.2064 |10: 916 
7 | 474.6176 77 24 9 | 668.L:46 91 UK 9 49416196 [106 
8 | 477.8716 | 77 57 3 [671.957 | 91 105% || 10 ° #99 0413 [108 3 
9 | 481.1065 | 77 9 4 | 675.7915 | 92 13 | 111 103.4763 [105 6% 
10 | 44.3:06 | 75 1 5 | 629.6375 | 92 47% | JE | 907.924 |106 93% 
11 | 487.6073 | 75 41% 6 | 63.443 | 92 nig |. 1 |912.4:67 |107 0% 
ft. | 490.875 78 & 7 | 687.508 | 92 1114 2 | VI6."415 [107 4 
1 | 494.1518 | 78 9K 8 | 601 2335 | 93 23% 3 | O21.3232 [107 7 
2 | 497.4411 |, 79 3 9 | 695.12n 93 5K 4 | {H5.-103 |107 101 
\ 3 | 500,7415 | 79 3% 10 | 62.0263 | 93 #5 5 | 930.3108 |108 13e | 




















memes | memensmnere EN nd nel 


10 





CO LI O OT ED Er 


(SN 
# 
st pu 





Œ «I 


CPSECE CR 


= 
D 4 


980.564 
985.1579 
99.003 
994.4509 
999.1151 
1003.7902 
1008 4736 
1013.1:05 
1017.87t4 
1U22.5944 
1027.324 
103%.0646 
1036.8134 
1041.6758 
10.16.3491 
1031.06 
103.:.9:257 
1060.7317 
1063.5459 
1070.37:38 
1054.2126 
1030.0094 
1054.9%201 
10-9.3915 
1094.6711 
1099.54 4 
1104.4687 
U109, 1 
1114.07] 
1119.41 
1124.1»#9 1 
lou. I45S 
11:54.1170 
ER ALIEN 
1144.06 
1149.09 
11:54.097 
119.139 
1161.1591 
1169.%202: 
1134.59 
1179 3271 


. L1R4.404 


1199.4927 


—————_ 


LLU4.5954 


AREAS AND CIRCUMFERENCES OF OIRCLES, 








TABLE.—(Continued.) 





pt 
si = 


ra 
Œ «4 OCT EE Re me 


Co Lu 
« je © à pi 
ec OC NN? Où O7 de LE RC med © D OÙ nt Où On ES à = Ù 2 © LO D «2 UT O9 RS 


Us 
“ Lu 
AI CE C1 de 0 19 = D = 


1199.7 193 
1204.8244 
1209.9577 
115.099 
1920.2::49 
1225.4203 
1230.n943 
293.772 
1240.981 
1246.1878 
l251.40841 
1256.64 
1261.7"794 
1267.1:327 
1272.397 
1277.6692 
1259.9553 
19#8.2523 
1293.5u7% 
1298.876 
1304.2057 
1305.5433 
1314.8949 
13%0.574 
135.676 
13:31.0119 
1336.40, 1 
1341.r 101 
1:347.2271 
1:35%,6955 1 
1398.09US 
1363.5406 
1:3659.0U012 
13: 1.469° 
1:379.95°1 
159.4406 
1::90.2467 
1:396.4619 
1401.98 
1107.5219 
141:3.6598 
1418.6287 
1424.1952 
1424.7359 
1435.:675 
1410.9668 
1416.5802 
1492.2046 
1457.8360 
1463.1827 
1469.1397 
1474.r044 
14n0.4833 
14*6.1:31 
1491.8705 


CES 
pus Su pra 
€ +0 a 11 à Le RO me SD Pa © LC QD «I Où Ji à 0 RO 


PS 
S: 


ps 
=? 
mi jet 
LD QD I Où O1 0 9 me D re © D OÙ I JB NE 


1497.5891 
1503.3046 
1509.0348 
1514.7391 
1520.5344 
1526.2971 
1532.0742 
1537.8622 
1545.6578 
1549.4:76 
1553.2883 
1561.1165 
1566.9591 
1572.#125 
15:8.6735 
1584.5408 
1590.435 

1596.3286 
1602.2:306 
1608.1559 
1614.0519 
1620.0226 
1625.9743 
1631.9:334 
16.37.9065 
1643.3912 
1649.31 
L659.18r92 
1651.9064 
1667.9308 
16343.9698 
1680 0196 
1686.0769 
1692.14"5 
1698.2311 
1704.321 

1710.4254 
1716.5407 
1722.66.34 
172*.9005 
1734.9436 
1741.1039 
1747.2738 
17n3.4545 
1759.6426 
1765.8152 
1772.0587 
1778.2795 
1784.5148 
1790.761 

1797.0145 
1803.2526 
1809.5616 
1815.8477 
1822.1485 





a — 


ae 


Diam. 


SO DANOOtR 


ji 





Area. 


Feet. 


1828.4602 
18:34.7791 
1241.1727 
1817.1571 
183.807 
1260.175 

1266.5521 
1572.9365 


SIDES OF EQUAL SQUARES. 


TABLE.—(Continued.) 


Circum. Diam. 


Feet. Ins. 


151 6% 
15L 10 
152 114 
152 43€ 
152 7K 
152 105 
153 134 
153 3% 


Area. Circum. 
Feet. Feet. Ins. 
1379.2355 | 153 81 
1885.7454 | 153 1114 
1#92.1724 | 154 236 
1893.5041 | 154 616 
1905.0367 | 154 8 
1911.4965 | 154 11% 
1917.9609 | 155 2% 
1924.4263 | 155 6 


Area. 


1930.9188 
1937.3159 
1943.914 
1950.4392 
1956.9691 
1963.5 


Circum. 





Feet. |Feet. Ins. 








TABLE V. 


TABLEOFTHE SIDES OF SQUARES-EQUAL IN AREA TO 
A CIRCLE OF ANY DIAMETER. 





‘Diam. side of Sa. Diam. Side of Sq. 


KR KR JERRAC MRC MRTRT AURRDT AERTXE 


CA 


(ep) 


D 


. 5602 
1.1078 
1.293 
1.5509 
1.79 24 
1 994 
2.21:6 
24371 
2.6" 
2.2 
3.1015 
3.3233 
3.544149 
3.176609 
3.98 
4.20% 
4.43; 
4.606527 
4.874 
5.0953 
n.3171 
D.5349 
5.7605 
5.92 
6.20:36 
6.4251 
6.61467 
6.565683 





ba nd bd 
RC ee se se e, … . . =. . <e. > œ 
KE NAN MX XX RER SET SX 


it 
Co 


Ce 
DS 


2.0893 


7.343114 
7.532) 
7.154393 
7.956 
5.1976 
#.419°2 
8.6407 
#.803 
9.08:4 
9.3054 
9.526) 
9.743 
9.97 
10.1916 
10.41:32 
10.6317 
10,563 
11.0773 
11.:2904 
11,5209 
11.745 
11.96411 
12.156 
12.4072 
2.627 
12.N5043 
13.0718 





& 


ps 
\ 


entree Se. ES... 8. 
ERA MR SERA ATX MRC EE 


D = =. ps 
Le) Le © «? 


KV 
SA 


| 


13.2934 


13.5! 
113.736 
13.9581 
14.1795 
14.4012 
14.606227 
141.5143 
15.0659 
15.274 
15.509 
15.7::03 
15.9521 
16.1736 
16.3952 
16.6168 
16. 383 
17.099 
1:.0n14 
17.903 
17.743 
17.946! 
1#.1677 
15.:3492 
18.609 
15.8323 
19 03:39 
19.2754 


FROM 1 To 100. 





22. 


19.497 


19.7195 
19.940} 
20.1617 
20.:3H:32 
20.604 
20.8263 
21.0479 
21.265694 
21.491 

21.7126 
21.941 
2%.1597 
20.3772 
22.594 
22.8203 
23.0419 
23.2634 
23.485 

23.7066 
43 92r1 
24,1407 
04 3712 
24.5928 
24.5144 
25.0359 
25.575 
25.459 





Il 
Diam. side ofSq. Diam. Side of Sq.| Diam. [Side of Sq. 


25.7006 


25.9221 
26.1437 
26.3653 
26.563 
26.8054 
27.0299 
27.2515 
27.473 

27.606947 
27.9161 
28.1377 
25.3593 
°8.5808 
25.585024 
20.023 
29.2455 
29.467 

29.656886 
29.9102 
30.1:317 
30.3533 
30.5748 
30.7964 
31.0179 
31.235395 
31.4611 
31.685826 
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TABLE.—(Oontinued.) 


SERRE A SEA 





lside of Sq. 'Dinm rose) ef 8g. 
— || 7 
k 
50° 
k 
Æ 
a 
à 





8 





ë 


ÉJ 





61. 

















TABLE VI. 


TABLE OF THE LENCGTHS OF CIRCLAR ARCS. 


The Dianseter of a Circle assumed to be Unity, and divided into 1000 equal Parts. 






ESÉ 







en 
À 





Qt pet Gael Qu Det Voud Qt Dont Vend Jend Vend Deed Dont Den Dent Det Dent Deet Dont Does Det md Does pue fut bed 


199 | 10438 || .177 | 108156 || .225 | 112997 || 273 | 1.18819 || .201 | 1.255399 

13 |1.04447 || .178 | 1.08246 || .226 | 1.13108 || .274 | 1.180969 || .322 | 1.25686 

131 | 1.04515 || .179 | 108537 || 227 | 113219 || .275 | 119082 || 323 | 1.256836 

132 | 1.04584 || .18 | 1.05428 113331 || 276 | 1.19214 || .324 | 1.25967 

133 | 1.04652 || 181 | 1.08519 113444 || .277 | 1.19345 || 325 | 1.28137 
| 104722 || .182 | 1.08611 113557 || 278 | 1.19477 || .326 | 1.26266 
104792 || .183 | 108704 || .251 | 113671 || 279 | 119681 || .997 | 1.26437 
1. 28 | 119743 || .528 | 1.26588 

k 1.19887 || .329 | 1.2874 
1.20011 || .33 | 1.268092 

1.20146 || .331 | 1.297044 

1.20282 || .332 | 1.27196 

1.20419 || .333 | 1.297349 

120568 || .334 | 1.27502 

1.20696 || .335 | 1.27656 

120828 || .396 | 1.2781 

1.20967 || 337 | 1.27964 

121202 || .338 | 128118 

121239 || .330 | 128973 








Æght.| Length 
.34 | 128428 
341 | 1.280583 
.342 | 1.28739 
.343 | 1.28895 
.344 | 129052 
.345 | 1.29209 
.346 | 1.29366 
.347 | 1.295293 
.348 | 1.2968L 
.349 | 1.293839 
.35 1.929997 
.351 | 1.50156 
392 | 1.30315 
393 | 1.304741 
354 | 1.306:4 
.355 | 1.307394 
396 | 1.30)54 
307 | 1.31115 
358 | 1.31276 
359 | 1.3134° 
.30 1.431599 
361 | 1.31761 
362 | 1.31923 
.363 | 1.320356 
.364 | 1.32249 
365 | 1.32413 
.366 | 1.32577 
.367 | 1.32741 
363 | 1.432905 
.369 | 1.343069 
.37 1.323234 
371 | 1.33399 
372 | 1.33564 


the height 25 feet ? 
25——100=.26; and .25 per table, —1.16912, the length of the base, which, being multiply by 100— 


To Asceriain the Length of an Are of a Cirele by the preceding Table. 





LENGTHS OF, CIRCULAR ARCS. 


TABLE.—(Continued.) 


Hght, | Length 
.373 | 1.3373 
37 1.332496 
.375 | 1.34063 
.376 | 1.:342%) 
.377 | 1.34396 
.378 | 1.34563 
.379 | 1.34731 
.36 1.345899 
361 | 1.35068 
382 | 1.35237 
383 | 1.35406 
334 | 1.352575 
305 | 1.357414 
.386 | 1.235914 
.387 | 1.360854 
338 ( 1.362541 
389 | 1.3642: 
.39 1.369 
491 | 1.36767 
392 | 1.369439 
.393 | 1.37111 
.394 | 1.347283 
395 | 137455 
.396 | 1.376283 
397 | 1.37801 
.393 | 137974 
.399 | 1.381485 
4 1.313922 
401 | 1.358196 
402 | 1.383671 
403 | 1.368405 
404 | 1.39021 
405 | 1.39196 


Hght. | Length. 





1.39372 


1.395418 
1.39724 
1.399 

1.40077 
1.40254 
1.40432 
1.406 

1.407588 
1.401966 
141145 
1.41324 
1.41503 
1.41682 
1.41861 
1.42041 


. 1.422222 


1.42402 
1.425533 
1.427604 
1.42942 
1.431277 
1.43309 
1.43491 
1.43673 
1.43856 
1.44039 
1,44222 
1,44405 
1.445859 
1.44773 
1.449357 
1.45142 








Length. 


151571 


151764 
1.641958 
152152 
1.52346 
1.52541 
1.552736 
1.52931 
1.53126 
1.53322 
1.53518 
1.53714 
1.5391 
1.54106 
1.54302 
1.54499 
1.544896 
1.54893 
L.5509 
1.55288 
1.55486 


1.5:079 












Ruzs.—Divide the height by the base, find the quotient in the column of heïghts, and take the 
length of that height from the next righthand column 
base of the arc, and the product wili give the lenth of the arc. 
Exawpze —What is the length of au arc of a circle, the base or span of it being 100 feet, and 


115.919 feet. 
Nors.—When, in the division of a height by the base, the quotient has a remainder after the 
third place af decimals, and great accuracy is required 
ake the leugth for the first three figures, subtract it from the next following length; multiply 


the remainder by the said fraction al remainder, add the jroduct to the first leng 
be the length for the whole 
ExamPLe.—Whai is the 


or versed sine 8 feet ? 
8--85—.2285714; the tabular length for .228—1.13381, and for .229—1.13444 the difference 


between which 1s .00118. Then .5714X.00113— .000645682. 


Hence 


and 


uotient 
ength of an arc of a oircle, the base of which in 35 feet, and the heisht 


.228—1.13881. 


.0005714— .000645682 
1.1#3955682, the sum by which the base of 
the arc is to be multiplied ; and 1.138955683 X 35—39.68845 feet. 


, 40 


Multijly the length thus obtained by the 


the sum will 


TABLE VX. 
TABLE OF THE LENGTHS OF SEMI-ELLIPTIO ARCS. 
The Transverse Diameter of an Ellipse assumed to be Unity, and divided into 1000 
equal Parts. 








Jewel Length. Irene Length. (rene | Length. (ere | Length. lee Length. 


192 | 1.26601 
93 
94 


TRES 


Si 
a 
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84 
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Æght.| Length. |[Mgbht. 





351 


ÉRSRÉRERCERARASEE 


CÉFRFEREFERE 


EE 





1.383132 


1.339272 
1.383412 





.396 
.397 
.AYr 





LENGTHS OŸ SEMI-ELLIPTIO ARCS. 


Length. ||Hght.| Length. ||Hght. | Length. 





TABLE.-—(OContinued.) 
Length ||Hght. 
1.419211 |! .452 | 1.49618 || .508 
1.413257 453 | 1.49771 .509 
1.41:04 td | 1.409424 1 
1.410651 455 | 1.50077 511 
1.41798 456 | 1.6023 512 
1.419Y45 457 | 1.503683 613 
1.42092 458 | 1.50536 .5l4 
1.422239 459 | 1.50689 .515 
1.422386 4Ùù ! 1.50842 616 
1.425533 .461 | 1.501496 517 
1.42681 .462 | 1.5115 -b18 
1.428529 463 | 1.51304 .519 
1.429377 .464 | 1.51458 52 
1.4312£ 465 | 1.561612 || .521 
1.43:273 .466 | 1.517606 522 
1.42421 .467 | 1.6192 523 
1.425049 || -468 | 1.520741 524 
1.43718 || .469 | 1.52229 625 
1.433867 || .47 | 1.523r4 526 
1.44016 |! .471 | 152539 527 
1.44165 .472 | 1.526891 525 
1.44314 || .473 | 1.525849 529 
1.441463 «474 | 1.563004 53 
1.44613 475 | 1.531569 531 
1.44763 .476 | 1.563314 5.52 
1.44913 || .477 | 1.53449 533 
1.450444 478 | 1.563625 534 
1.45214 || .479 | 1 53781 63F 
1.45364 .48 | 1.53937 536 
1.45515 481 | 1.54093 537 
1.458665 482 | 1.654249 538 
1.45815 .403 | 1.564405 549 
1.459686 .484 | 1 54561 54 
146167 || .485 | 154718 || .541 
1.462683 486 | 1.548 042 
1.46119 487 | 1.565032 543 
1.4657 .488 | 1.565189 -F44 
1.46721 .489 | 1.55346 -545 
1.464372 || .49 | 1.565503 -546 
1.470293 «491 | 1-5566 547 
1.47174 492 | 1.655817 -548 
1.47326 .493 | 1.55974 -549 
1.474178 .494 | 1.548131 5 
1.4763 495 | 1 56239 551 
1.477582 .496 | 1.565447 -552 
1.479: 497 | 156604 053 
1.453086 .498 | 1:56763 554 
1.458238 .499 | 1.56921 055 
1.458391 5 1-57089 || .556 
1.485544 501 | 1-57234 +057 
148697 |! .502 | 157359 || -55% 
1.4385 «503 | 1:57544 659 
1.490038 504 | 1.657699 || .56 
149154 || .5605 | 1.657854 || .561 
1.49311 || .506 | 1.568009 || .562 
1.49465 507 | 1:58164 563 


1.658319 


1.58474 
1 5629 
1.585784 
1.5894 
1.59096 
1.592A2 
1.59408 
1.59564 
1.565972 
1.529876 
1.60032 
1.60188 
1.60344 
1.605 
1.6066 
1.60812 
1.60968 
1.611°24 
1.6128 
1.61436 
1 61592 
1.61748 
1.61904 
1.6206 
1.62216 
1.62372 
1.625258 
1.626554 
1.6284 
1.629298 
1.6:3152 
1.633309 








1 
1.688631 


1.705534 


1.74444 
1-74605 
1:74767 
1-74929 
1:75091 
1:75252 
1:75414 
1:75576 
1°7a738 
1:759 


LENGTHS OF SEMI-ELLIPTIO ARCS, 35 


TABLE.—(Continued.) 











Length. |Hght.| Length. |[IHght. | Length. 


176062 || .676 | 1.85215 || .732 | 1.94552 


































































































































. 2.04117 2.13976 
1.76224 .677 | 185379 || .733 | 1.94721 .789 | 2.0429 2.14155 
. 1.706386 || .678 | 1.85544 .734 | 1.9489 .79 | 2.04462 2.14334 
623 | 1.376548 || .679 | 1.85709 || .736 | 1.95059 || .701 | 2.046355 2.14513 
.621 | 1.7671 685 | 1.855874 || .736 | 195228 || .7 2.046809 2. 14692 
.625 | 1.76872 || .681 | 1.860: || .737 | 1.95397 .793 | 2.049853 2.14871 
-626 | 1.77034 .682 | 1.862065 |! .738 | 1.956566 || .704 | 2.051357 2.1505 
«627 | 1.77197 .683 | 1.8637 .739 | 1.957356 || .795 | 2.0533L 2.15229 
-628 | 1.77359 || .684 | 1.865335 || .74 ! 1.95994 796 | 2.055505 2.15409 
.629 | 1.7752t 665 | 1.867 || .741 | 1.96074 .797 | 2.05679 2.155289 
.63 | 1.776984 || .686 | 1.560866 || .742 | 1.96244 796 | 2.055353 2.1577 
«631 | 1.77817 || .687 | 1.87031 .743 | 1.Y6414 || .799 | 2.05027 2.1595 
.632 | 1.728009 || .688 | 1.#7196 || .744 | 1.966 .B 2.06202 2.1613 
633 | 1.78172 || .689 | 1.587362 || .745 | 1.96753 || .801 | 2.06377 2.16309 
634 | 1.783355 || .62 | 1.857527 .746 | 1.460273 || .802 | 2.065512 2.161479 
635 | 1.784968 || .691 | 1.87693 || .747 | 1.970t3 || .n03 | 2.06727 2.166685 
633 | 1.7566 692 | 1.875859 || .748 | 1.972682 || .HU04 | 2.060901 2.16 48 
637 | 1.708823 || .693 | 1.802024 || .749 | 1.97432 || .605 | 2.07076 2.17028 
.638 | 1.780956 || .694 | 1.8519 75 | 197602 || .#06 | 2.072351 2.17209 
634 | 1.79149 |! .695 | 1.883:6 || .751 | 1.972372 || .807 | 2.07427 2.173839 
64 | 1.379312 || .696 | 1.868522 || .752 | 1.97943 808 | 2.074802 2.1757 
.641 | 1.79475 || .697 | 1.8868 || .753 | 1.%3113 || .809 | 2.073777 2.17751 
.642 | 1.796358 || .698 | 1.852854 || .754 | 1.982583 || .81 | 2.079053 2.179232 
«643 | 1.79801 || .699 | 1.802 766 | 1.9m453 || .811 | 2.081258 ‘ 2.180113 
644 | 1.799614 || .7 1.89186 || .756 | 1.968623 || .r12 | 2.0*304 2.18294 
645 | 1.80127 || .701 | 1.893352 || .757 | 1.95794 || .813 | 2.048 2.18175 
.646 | 1 2029 .702 | 189519 || .758 | 1.295964 || .814 | 2.08656 2.186556 
.617 | 1.801454 || .7 1.8966 || .759 | 199134 || .N15 | 2.05832 2.158337 
-648 | 1.80617 || .704 | 1.8951 || .76 | 1.929305 || .816 | 2 VYUUS 2.19018 
649 | 1.5073 -705 | 1.90017 || .761 | 1.991768 || .817 | 2.09193 2.192 
65 | 1.80943 || .70( | 1.901x4 .762 | 1.9Y617 || .518 | 2.0936 2 19452 
651 | 1.81107 || .707 | 1.9035 «763 | 1.996: 819 | 2.093536 2.19564 
652 | 1.581271 || .7 L0517 )] .764 | 1 99949 || .82 | 2.09712 2.197146 
653 | 1.814395 || .70y | 1.90684 || .765 | 2 UO16 #21 | 2.098 2.199028 
654 | 1.81599 || .71 | 1.902852 || .766 | 2.00331 || .822 | 2.10065 2.2011 
655 | 1.81763 || .7UL | 1.91019 || .767 | 2.00502 || .823 | 2.102412 2.20292 
656 | 1.581928 || .712 | 1.91189 || .763 | 2.00673 || .824 | 2 10419 2.220474 
.657 | 1.82091 || .213 | 1.915355 || .769 | 2.008544 .825 | 2.105956 2.20656 
658 | 1.82255 || .714 | 1.914523 || .77 | 2.01016 || .826 | 210773 2.205839 
.659 | 1.82419 || .715 | 1.912691 || .771 | 2.01187 || .827 | 2.1095 2.21022 
.66 | 1.582583 || .716 | 1.418569 || .772 | 2.01359 || .828 | 2.11127 2.212065 
661 | 1.82747 || .717 | 1.92027 |! .773 | 2.01531 .829 | 2.11304 2.213883 
.662 | 1.82911 || .718 | 1.92195 || .774 | 2.01702 || .83 | 2.111481 2.21571 
«663 | 1.8307a || .719 | 1.292363 || .775 | 2.013574 || .831 | 2.11659 2.291754 
.664 | 1.8324 72 | 192531 || .776 | 2.02045 || .832 | 2.11837 2.219937 
4665 | 1.583404 || .721 | 1.927 777 | 2.02217 || .833 | 2.12015 2.2212 
.666 | 1.835 .722 | 1.92868 || .773 | 2.023239 || .834 | 2.121935 2.223303 
.667 | 1.83733 || .723 | 1.993036 || .779 | 2.02561 53% ‘ 2.22486 
.668 | 1.A#897 || .724 | 1.93204 || .78 | 2.02733 || .836 2.2267 
669 | 1.81061 || .725 | 1.93373 || .781 | 2.02907 || .837 2.22854 
.67 | 1.854226 || .726 | 1.93541 || .782 | 2.0308 .838 2.23038 
.671 | 1.84391 Ï| .727 | 1.9871 +783 | 2.03252 || .839 2.232292 
.672 | 1.684556 || .728 | 1.938478 || .784 | 2.031925 || +84 2.23406 
.673 | 1.8172 .729 | 1.94046 || .785 | 2.03598 || .841 2.2359 
.674 À 1.854835 || .73 | 1.94215 || .786 | 2.03771 || .842 2.923774 


675 | 18605 || .731 | 194383 || .787 | 2.039044 || .843 | 213797 || .8u9 | 2,958 


36 LENGHTS OF SEMI-ELLIPTIO ARCS, 


TABLE.—(Continued.) 

















rene Length. ||ght | Length. ||Hgbt.| Length. |IFght.| Length. Trent | vanoin 
5 asus lon lz | 
901 | 2.24395 || .922 | 2.2817 | 
290 | 2.24508 || 023 | 2.253654 | 
s03 | 224601 || :u24 | 2.28537 

904 | 2.24874 || ‘v25 | 22872 

905 | 2.25057 || 926 | 2.2:903 

2906 | 22524 || :907 | 2.20086 

907 | 225423 || .928 | 2.207 

pos | 2.265606 || :o29 | 220453 

226780 || 93 | 229636 « 

o1 |226072 || :o81 | 22082 

‘ol | 226156 || :932 | 2.30004 

co12 | 2.26338 || .ou | 2.30188 

:p13 | 226521 || 954 | 230373 

:g14 | 226704 || ‘935 | 2.30567 

gts | 2.26888 || 036 | 2.30741 

916 | 227071 || .037 | 220928 

o17 | 227254 || :938 | 2.311101 

Jo18 | o7as7 || 050 | 2126 

2919 | 22762 || 94 | 21470 2.365431 

.o> | 297808 || :941 | 231666 2.35601 





















































To Ascertain the Length of a Semi Elliptie Are (right Semi-Ellipse) 
by the preceding Table. 

Ros.—Divide the height by the base, find the quotient in the column of belghts, and takethe * 
Length of that height from the next rightbend column.  Multiply the length thus obtained by the 
base of the are, and the product will be the length of the are. 

Exaweza.—What is the length of the arc of a semi-ellipse, the base being 10 feet, and the 
‘height 30.10 feet. 

30.10-70=.48 ; and .48 per table, —1.46268. 

‘Then 1.46268 X 70=—103.8876 feet. 


When the Curoe is not that of a Right Semi-Ellipse, the Heïght being half 
ofthe Tranverse Diameter. 


. Ruus.—Divide half the base by twice the height, then as in the preceding example; 
malépis de tapular long by tee die boig, and dhe prolace el do the Te conne PIE 
pare Et" Ln-— What ho length of the arc of a semi-elipae, the height being 36 fct, and tho 
ee 
60—2=—80, and 8085 X 2.428 the tabular length of which 18 1.45966. 
Then 1.45966 X 35 Er ge ons 
Nors.—Ifin the division of a beight by the base there is & remainder, proceed in the manner 
given for the Lengths of Circnlar Arcs, page 82. 





TABLE VIIX. 
TABLE OF THE AREAS OF THE SEGMENTS OF A CIRCLE. 


The Diameter of a Circle assumed to be Unity, and divided into 1000 equat Parts. 












Sine. 






soc lBeg. Area.||Versed see. Area | Versediseg, Area. | VerSedigeg, Area. 














«001 | .00004 || .048 | .013#2 || .095 | .0379 .142 
002 | .00012 || .049 | .01425 || .096 | .03849 || .143 
-003 | .00022 |! .05 «01465 || .097 | .03908 || .144 
«004 | .00034 || .051 | .01512 || .098 | .03968 || .145 
+005 | .00047 || .052 | .01556 || .0u9 | .04027 || .146 
-006 | .00062 || .053 | .01601 1 .04087 || .147 
+007 | .00078 || .051 | .01646 || .101 | .04148 || .148 
008 | .00095 || .055 | .01691 .102 | .04208 || .149 
«009 | .00113 || .056 | .01737 || .103 | .04269 || .1 

.01 00133 || .057 | .01783 || .104 | .0431 .151 
«011 | .00153 || .053 | .0183 105 | .04391 || .152 
+012 | .00175 || .059 | .01877 || .106 | .04422 || .153 
013 | .00197 || .06 .01924 107 | .04514 || .154 
«014 | .0022 .061 | .01972 


015 | .00244 || 062 | .0202 || : 
.016 | .00268 || 063 | .02062 || : 
017 | .00294 || .064 | .02117 || it 








































.018 | .0032 .065 | .02165 
+019 | .00347 || ,066 | .02215 
.02 00375 || .067 | .02265 
+021 | .00403 || .068 | .02315 
«022 | .00432 || .069 | .02336 
+023 | .00462 || .07 .02417 
024 | .00492 .071 | .02468 
025 | .00524 || .072 | .02519 
«026 | .00555 || .073 | .02571 
027 | .00587 || .074 | .02624 
028 | .00619 || .075 | .02676 
029 | .00653 || .076 | .02729 
.03 00686 || .077 | .02782 
«031 | .00721 -078 | .02335 
+032 | .00756 || .079 | .028c9 
«033 | .00791 .08 .02943 
+034 | .00827 081 .02997 
+035 | .00864 || .082 | .03052 
.036 | .00901 .083 | .0:3107 
. 03162 


38 AREAS OF THE SEGMENTS OF À CIRCLE 


TABLE.—(Continued.) 








l odl | | 
V red Versed v ersed Versed Versed 
Si Sc cg Àre ta. Sine. Seg. Area. Sine. Seg. Area. Sine. Seg. Area. Sine. Seg. Area. 














tou l4 .342 | .23737 395 | .288418 .448 | .34079 | 


. 19086 345 | .24022 398 | .29141 451 | .34378 
.1917% .346 | .24117 .399 | .29239 452 | .34477 


.144t9 
.14494 


239 


236 | .14154 2x9 
“237 | 14239 || 2 1-90; 343 | 23932 || .396 | .2x945 || .449 | .34179 
238 | .14324 || 991 | 18905 || .344 | .23927 || .397 | 99043 || .45 .34278 

2) 

293 
241 | .1458 294 19268 || .347 24212 4 20337 || .453 | .34557 
242 | .1466n 295 1936 .348 24307 401 | .20435 || .454 34676. 
243 | .14751 996 | .19a51 || .349 | .24403 402 | .29533 || .455 | .34776 “ 
244 | .14537 297 19542 || .35 24498 403 QU631 || .456 34875 
245 | .14923 248 18634 || .351 24h93 404 29729 || .457 34975 
246 | .15U0Y 2yy 19725 || .352 246:9 405 09#27 || .458 35075 
.247 | .15095 3 19817 || .363 | .247t54 406 | .29925 || .459 35174 
.248 | .15182 || .301 19908 || .354 | .2483 467 30024 || .46 35274 
.249 | .15268 || .302 | .2 à 24476 408 | .30122 || .461 35374 
25 15355 || .303 | .20012 || 356 | 25071 409 | .3022 .462 | .35474 
251 | .15441 || .304 | .2uis4 || 457 | .2h167 41 30319 || .463 | .35573 
252 | 15828 || .505 | .20276 || .458 | .25263 ali 30417 || .464 35673 
253 | .15615 || .306 | .2u368 359 | .2h2459 412 30515 || .465 | .35773 
24 | .15702 || .307 | .2U046 3% 25465 4:13 | .30414 || .466 | .35372 
953 | .15789 || .30< | .20553 361 ! 9%551 414 30712 || .467 | .35972 
256 |! .15876 || .20y | .20645 362 | .25647 415 30811 || .468 36072 
257 | .15964 || .31 20738 363 | .25743 416 | .30909 || .469 36172 
35 16051 || .311 | .2093 364 | .25439 417 31008 || .47 35272 
. 16139 || .312 | 20923 || .365 | .259:% 418 | .31107 || .471 36371 
.26 16226 || .313 | .2i015 366 | .260:32 ‘|| .419 31205 || .472 36471 . 
261 | .16314 || .3i4 | .21108 467 | .26128 42 31304 || .473 | .36571 
.282 | .161402 || .315 | .21204 388 | .26225 421 31403 || .474 3667 
263 | .1649 .316 | .21294 369 | .26321 422 31502 475 36771 
.264 | .16578 || .317 | .21:387 37 .26115 423 316 .476 36871 
265 | .16666 || .315 | .2148 371 | .26514 424 31699 477 36971 
.266 | .16755 || .319 | .21573 372 | .26611 425 31793 478 27071 
.267 | .16r44 || .32 .21667 7 . 2670 496 31897 479 3717 
268 | .16931 || .321 | .2176 .374 | .25804 427 31996 || .48 3727 
269 | .1702 322 | .21853 || .275 | .26%01 428 32095 || .481 3737 
27 17109 || 323 | .21947 || .376 | .26993 42y 32194 || .482 3747 
971 | .17197 || 324 | .204 377 | .27095 43 32ou3 || .483 3757 
272 | .17987 || .325 | 2134 || .378 | .27192 431 32391 || .484 3767 
972 | .12376 || .326 | 22229 || .379 | .272%y 432 3249 485 3777 
274 | .17465 || .:327 | .22:321 33 LT 86 433 3259 .486 3787 
275 | 17554 || .30= | 29415 1 | 27483 444 32639 || .4#7 3797 | 
276 | .17643 || .329 | 92:09 35 | .27580 435 32788 || .488 | 
277 17733 3: 22603 183 27677 436 30587 .489 3817 
“os | .17e02 || .331 | .v9607 || ana | 25775 || .437 | .3:987 || .49 3877 . 
279 | 17912 || .a32 | 92791 285 | .2:470 ]| .43e | .33086 || .491 3837 
.28 .1#002 33 | 276 306 27969 4:39 33185 . 492 3847 
ont | .inuue || 34 | ous 397 | .22067 44 330R4 || .493 3857 
no | .inieo || 345 | 24074 || Sen | .2#164 441 33384 || .494 3867 
%o3 | .1r279 || .336 | .23149 || 349 | 28267 442 33493 || .495 3377 
24 IB461 || 337 | .v3283 |! 39 28359 443 33582 || .496 3887 
285 | .lri5% hs | 23339 341 pas 144 | 3362 || .497 | .3897 
286 | 18542 || .339 | 23454 4] 390 | 24554 || .445 33781 || .498 3907 
287 | .1633 || .:34 23547 || .393 a 55 | 446 338 .499 3917 

| . 


.187%3 .341 2304? RS | 394 | .2878 
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To Axcertain the Area of a Segment of a Cirele by the preceding Table. 


Ruie.—Divide the height or versed sine by the diameter of the circle ; find the quotient in the 
columu of versed sines. Take the area noted in the next column, multply it by the square of the 
diameter, and it will give the area 


KxampLk.—KRequired the area of a segment, its height ‘being 10, and the diameter of the circle 
60 feet. 


102650=,2, and .2, per table, —=.11182; thon -11182 X 502—=279.56 feet. 


Nors.—If in the division of a height by the base, the quotient has remainder after the third 
lace of decimals, and great accuracy 18 required, 


Take the area fur the first three figures, subtract it from the next following ar a multiply the 


remaiuder by the said fraction. and add the product to the first area ; the sum will be the area for 
the who e quotient. 


2 à at is the area of a segment of a circle, the diameter of whichis 10 feet, and the height of 
it 1.575 feet. 


1.517510 --.1576; the tabular area for .157—.07892 and for .158—07965, the difference between 
which 18 .00073. 
Then .5 X.00078-= 000365, 


Hence .157— 07892 
.0005—.000365 


079276, the sum by which the square of the dia- 
meter of the circle is to be multiplied ; and .079285 X 10 2=—=7.9286 feet. 


PP PP PP D 


TABLE IX. 
TABLE OF THE AREAS OF THE ZONES OF A CIROLE. 
The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts. 











Hgbt.| Area ||Hght.| Arcs. |[Hght| Area. H'ght.| Area |IHght.| Area. 



























.05688 085 | .08459 113 | .11203 
05787 .UB6 | .0#557 114 | .113 
0556 087 | .04656 116 | .11398 
05936 .088 | .08754 116 | .1146 
.DEOS5 089 | .02853 117 | .11599 
06154 .09 08951 118 | .1169 
«06273 .O9L | .0:05 119 | .11787 
L63 .092 | .09148 12 .116$#4 
-06482 4093 | .09246 121 | .119r1 
Te) 094 | .09:344 122 | .12078 
.U668 095 | .09443 123 | .12175 
.06:5 096 | .0H:4 124 .12272 
06878 097 | .0063Y .125 | .12369 
06477 098 | .097:37 .126 | .12469 
.07076 09 | .00635 127 | .12569 
«07175 A: 09933 128 | .12659 
.07274 101 | .10031 129 | 12755 
07373 .102 | .10129 13 12852 
07472 103 | .10227 131 .12949 
0755 .104 | .10325 132 | .13045 
07569 105 | .10422 13 | .13141 
0776 .106 | .10:52 134 | .132% 
078647 107 | .10613 135 | .13394 
.07966 108 | .10715 136 | .1343 
.OrROt4 109 | .10813 137 13527 
08163 il 10911 138 | .13623 
.05262 111 | .11008 .139 | .13719 
.0836 12 | .11106 .14 13815 
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TABLE.—(Continued.) 











































Area. |Hght.| Area |IHght| Area. |Hght.| Area [|[Hght.| Area 

















13911 197 | .19178 || .953 | .24175 || .309 | .98#Rul 365 | ,72931 
14007 || .195 | .1927 254 | .24261 .31 . 2225 .366 | .32099 
.14103 || .199 | .19:361 255 | .24347 || .311 | 28954 || .467 | .:x3067 
.14198 || .2 19453 |! .256 | .24433 | .312 | .29036 || .368 | .331:35 
.14294 || .201 | .14545 || .257 | .24R19 313 | ,29115 .369 | .43205 
.1439 202 | .196:36 258 | 24604 .314 | .29192 .37 4307 
14485 |! .203 | .19728 || 259 | 9469 315 | .2927 371 | .33337 
14581 204 | .19219 || 96 21775 || .316 | .2u348 || .372 | 33404 
14677 || .205 | .1u91 261 : .24881 317 | .29495 || .453 | 23171 
.14772 || .206 | 20001 262 | .24946 || .3le | 2950 || .37 527 
14867 || .207 | 20092 || Qu3 |  250%1 .319 | .2953 37: | .‘E1604 
.14962 || .208 | .201"3 261 | .25116 || .32 29656 || .376 | .3:367 
15058 || .209 | .20274 || .265 | .21201 321 | ,.99733 || .377 | .33735 
15153 || .21 20365 || .266 | .252n35 || .32% | Jus! .378 | .3:3301 
15248 || 211 | .20156 || .267 | .2:537 Je | 20886 || .379 | .3:3266 
15343 || .212 | .205146 || .6is | .25455 || .:524 | ovyos || 3 .33931 
15433 || .213 | .20637 || .269 | .925939 || .325 | .30039 || .381 | 33996 
15533 |! .214 | .20727 || .97 25623 || .326 | .:30114 382 | ,3406! 
15628 || .215 | .20818 || .271 | .25707 || .327 | 3019 383 | .34125 
15723 || .216 | .20v08 || .27% | 25791 3% | .30266 || .:331 | .3419 
ISNI7 || 247 | 20998 || .273 | 25875 || .329 | 30311 || .285 | 34253 
15912 || .215 | 21088 || .274 | 25959 || .33 .301416 || .336 | .:34317 
«16006 || .219 | .21178 || .275 | .26043 || .33: | 30491 .307 | .3438 
16101 || .% 21248 || .276 | .26126 || .332 |  3056u .328 | .34444 
16195 || .22L | .2185x || .257 | .26209 || .333 | 30641 .389 | .34507 
.1629 222 | 01447 || .278 | .26293 || .334 | 30715 .39 .34569 
16584 || .223 | 21537 || .279 | .26376 || .335 | ‘2079 391 | .34632 
.16478 || .224 | .216%6 || .% 261459 || .336 | .10u64 || .299 | ‘3464 
1672 || .225 | .21716 || .981 | .26541 || .337 | 30938 || 393 34756 
.16667 || 226 | .21805 || .2n2 | .26624 !| .338 | 41012 || .394 | 34818 
.16761 217 | .it94 233 | .26706 || .339 | .31085 || .395 | _34#79 
685 || .228 | .21983 || .284 | .26759 || .:34 31159 || .346 | 3494 
16948 || .229 | .22072 || .285 | .26871 || .341 | .:1232 || .397 | 35001 
.17042 || .23 22161 || .286 | .26953 || .:42 | .31305 || .393 | 35062 
17136 || .231 | 2025 067 | 27035 || .343 | 31378 || .299 | 3512 
232 | 20335 || .2n8 | .27117 || .344 | 3145 4 .45182 
033 | .22427 || .289 | .27199 || .345 | 31523 || .4ni | 35249 
234 | 22915 || .29 Cr 346 | .31595 || .402 | 35302 
235 | .22604 91 | .27362 || .347 | 31667 || .403 | 35361 
236 | 22692 || ous | .27443 || .348 | 31639) AUS | 3512 
237 | .2274 293 | .27524 || .349 | 31811 .405 | 35479 
“3 | ts || .294 | .27605 || .36 31882 || .406 | .35539 
239 | .22956 || .295 | .27686 || .351 | .31954 || .407 | 35506 
.24 23044 || .206 | .27766 || .352 | .32026 || .409 | 3:654 
A1 | 22131 297 | .27847 || .35:3 | .32006 || .40u | 35511 
242 | 03219 || .293 | .27927 || 44 | 32167 || .41 35769 





243 | .23306 || .290 | .28007 || .355 | 30237 || :411 | ‘306 
244 | 23304 || ‘3 2088 || .356 | .32307 || .119 | ‘35e 
45 | 23481 || .301 | .28167 || .357 | 32377 || ‘415 | ‘sono 
246 | .23568 || .302 | .usa7 || .a5s | 32147 || 414 | ‘a50us 


.247 21009 «303 25327 309 32517 415 | .36051 
248 23742 .304 284106 .36 325097 .416 36107 : 
.249 23829 .305 . 234186 36! JG .417 .36142 
.29 .239!35 .306 269 .30"2 32529 .+1s 36217 

non men 


“51 | 24002 || .307 | .2644 || .363 | .30794 || .419 | ‘aie 
252 | 24080 || .30n | .u#723 || .364 | Sueve || 42 | ‘36206 
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TABLE.—(Continued.) 


Hght.| Area |Hght.| Area. |[Hght| Area |Hght.| Area. 














This Table is computed only for Zones, the longest chord of which is diameter. 
To Ascertain the Area of a Zone by the preeeding Table. 


Ruzs 1.— When the Zone is Less than a Semicirele, Divide the height by the diameter, and find 
the guotiont in the column of height. Take out the area opposite to it in the next column on the right 
hand and multiply it by the square of the longest chord ; the product will be the area of the zone, 


Exawcs.—Required the area of a zone the diameter of which is 60, and its height 16. 
15-:50—.8 ; and .8; ag per table, —.28088. 
Hence .28088 X 502=—702,2 area. 
Ruze 2.— When the Zone ts Greater than a Semicirele : Take the height on each side of the dia- 
meter of th® circle, and ascertain, by Rule I, their respective areas; add the areas of these two 
portions together, and the sum will be the area of the zone. 


Exawpce.—Required the âren of a zone, the dixmeter of the circle being 50, and the heïghts of 
the zone on each side of the diameter of the circle 20 and 16 respectively. 
20--50—.4; .4, as per table, —.85189 : and .85182 X 502—879.66. 
16-750".8: .8, as per table, =.28088; and .28088 X 502— 702.2. 
Hence 879.554-702.2:=1691.75 area. 


Rue 8.—When the est cherd of the zone is less thin diameter, Take the height ôr distance 
from the diam. to each of the chords respectively; find the area corresponding to each height and 
deduct the lesser from the greater area ; the result will be the area required. 


Norz.—When, in the division of = height by the chord, the quotient has a rermainder after the 
third places of decimals, and great accuracy is required. 


Take the area for the first three figures. subtract it from the next following area, multiply the 
remaiuder by the said fraction, and add the product to the first area ; the sum will be the area for 
the whole quotient. 


ExawPcs.— What 18 the area of a sone of a circle, the greater ehord being 100 feet, and the 
breadth of it 14 feet 8 inches ? ‘ 
14 feet 8 inces—14.25 and 14.25-+-100=2,1425; the tabular area for .142— 14007, and for 145— 
.14108, the difference between which is .00098. 
Then .5 X.00096:2,00048. 
Henoe .1423 = 14007 
0005 ==.00048 


14055, the sum by which the square of the greater chord is to ke mulplied ; and 
.14065 X 1002 —1405.6 jee. 


TABLE X. 


SPECIFIC GRAVITIES. 


The Specific Gravity of a body is the proportion it bears to the weight 
of another body of known density. 

If a body float on a fluid, the part immersed is to the whole body as 
the specific gravity of the body is to the specific gravity of the fluid. 

When a body is immersed in a fluid, it loses such a portion of its own 
weight as is equal to that of the fluid it displaces. 

An immersed body, ascending or descending in a fluid, has a force 
equal to the difference between its own weight and the weight of its bulk of 
the fluid, less the resistance of the fluid to its passage. 

Water is well adapted for the standard of gravity ; and as a oubic foot of 
it weights 1000 ounces avoirdupois, its weight is taken as the unit, viz : 1000. 


To Ascertain the Specific Gravity of a Body heavier 
than Water. 


Roze.— Weight it both in and out of water, and note the difference ; 
then, as the weight lost in water is to the whole weight, 80 is 1000 to the 
W x 1000 
specific gravity of the body. Or, y =» — G, # representing the 
weight in waier, and G the specific gravity. 


Exawpre.— What is the specific gravity of a stone which weighs in air 15 1bs., in 
water 10 lbs. ? 


15—10=6 ; then 5 : 15 : : 1000 : : 3000 spec. grar. 


To Ascertain the Specific Gravity of a Body lighter 
than Water. 


Ruze.—Annex to the lighter body another that is heavier than water, 
or the fluid used; weigh the piece added and the compound mass sepa- 
rately, both in and out of the water. orthe fluid; ascertain how much each 
loses in water, or the fluid, by subtracting its weight in water, or the fluid, 
from its weight in air, and subtraot the less of these differences from the 
greater ; then, 

As the last remainder is to the weight of the light body in air, 80 is 
1000 to the specific gravity of the body. 


Exawpts.—What is the specific gravity of a piece of wood that weighs 20 1bs. 
in air; annexed to it is a piece of metal that weighs 24 1bs. in air and 24 Ibs. in 
water, and the two pieces in water weigh 8 1bs. ? 

20+-24——8—44—8—36—l0ss of compound mass in water ; 
24—21 == 3—loss of heavy body in water. 
83 : 20 : : 1000 : 606-—24 spec. grav. 


To Ascertein the Specific Gravity of Fluid. 
Rurs.—Take a body of known specific gravity, weigh it in and out of 
the fluid; then, as the weight of the body is to the loss of weight, 80 is the 
specific gravity of the body to that of the fluid. 
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Exawzs.— What is the specific gravity of a fluid in which a piece of copper 
(spec. grav.—9000) weighs 70 Ibs. in, and 80 Ibs. out of it ? 
80 : 80—70=10 : : 9000 1125 spec. grav. 


To Compute the Proportions of two Ingredients in a 
Compound, or to discover Adulteration in Metals. 


Rv1e.— Take the differences of each specific gravity of the ingredients 
and the specific gravity of the compound, then multiply the gravity of the 
one by the difference of the other ; and, as the sum of the products is tothe 
respective products, 80 is the specific gravity of the body to the proportions 
of the ingredients. 

ExawPis.—AÀ compound of gold (spec. grav.=18.888) and silver (spec. grab.== 
10.535) has a specific gravity of 14; what is the proportion of each metal, 
18.888-—14-—4.888 X 10.535—51.495 
14. —10.535=3,465 X 18.888--66.447 
65.447+51.495 : 65.447 : : 14 : 7.835 gold. 
66.447+-51.495 : 51.495 : : 14 : 6.165 silver. 


To compute the Weights of the Ingredients, that of the 
compound being given. 


RuLx.— As the epecifio gravity of the compound is to the weight ofthe 
compound, 80 are each of the proportions to the weight of its material. 


Exawpzu.—The weight, as above, being 28 Ibs. wbat are the weights of the 
ingredients ? 


.on.. {7835 : 15.67 gold, 
14:38:: {ei6 : 12.33 silver. 


# 


Proof of Spirituous Liquors. 


À cubic inch of proof spirits weigha 234 grains; than, x an immersed 
cubic inch of any heavy boiy weighs 234: grains less in -spirits than aïr, it 
shows that the spirit in which it was weighed is proof. 

If it lose less of its weight, the spirit is above proof; and if it lose 
more, it is below proof. 

ILLUBTRATION.— À cubic inch of glass weighing 700 grains weighs 500 grains 
when weighed in a certain spirit ; what is the proof of it ? 

Ne lost in the spirit. 


Then 200 : 234 : : L17= ratio of proof of spirits compared to proc spirits, 
or 1.==.17 above ri 


Solids. 


Rore.—Divide the specific gravity of the snbstance by 16, and the 
quotient will give the weight of a cubic foot of it in pounds, 


A4 gPEGIFIO GRAVITIES. 
OF DIFFÉRENT BODIES AND SUBSTANCES. 





























4. | Weight Speci- 

METALS. (ét tastl METALS. (Séslorsen 
vit. | bio inch. vity. [bicinch. 

AlluminuMe.ssssse. cos 2560 0926 Palladium. 2000000059 000606e 11350 .4106 


.2428Platinum, hammered..|20337| .7356 
Arsenic.. 0000060000 000000008 5763 - 208 66 native e °ouvee 16000 s 6787 
Barium 6e tescesssossénéneue 470 ‘6 rollede...00 se 22069 e 7982 


Biemuth.s..csosessonséosse 9823 .3553 Potassium 590. 0000 865! .0313 
Brass, co r 84 end. .scocsoscosessooes 8940 .3241 
PP 6 Go] 8682) HR inmerrnrernsrree|L0660! . 8862 


tin 
Ruthenium ..scsssessoocl 8600] .3111 


AntiMOn Ye. secsessresoosee| 6712 


‘6 copper 67 

ue PP gg Gore) 7820) 2828 onu nsassrrnse| 4600! . 1627 
66 platessesssses sous 8380 . 3031 ilicium e tenues neses cssese e 

LE WiP@roseccccoveoceel 8214] .2972HSilver, pure, CASE ee 10474) .3788 


“6 ‘“ hammered.|10511| .3902 
odiam. coscéeboeserceuecese 970 .0351 


teel, plates. . ss...) 7806! .2823 
66 BOÎT snssocome vos] 7833] .2833 


4 tempered and 


Bronse, gun metal......| 8700| .3147 
BorON seccsccc socosesooneel 2000 
Bromines. socsssoe soooceose] 3000 
Cadmium.....ocsessess. .e 8660 « 312 


Calcium 00008 pavsossoecss 1580 
’ Chromium AITLO TELE LLIL 5900 . hardened.. …. 7818 .2828 


Cinnabare.cssessosssoooseel 0098! - ( WilP@sossseo vossosocel 1847] . 2838 
Cobalt coscseses sossosol 8600 _3111Ktrontium . sssss soso | 2540! .0918 
_Columbiumessess sosoosose| 6000 .217 ÊTin, Cornish.hammerd| 7390| .2673 
Gold, pure, cast...…...|19258 .69658 46 PUTO.s.s.l 7291] .2637 
66 ammefed. . s.sses 19361 .71003 elluriuMecssesooce ose ee 6110 .221 
‘ 99 carats fine..…..|17486] .6325 Thalium.s.ssescosocssooss|L1850! .4286 
4 20 carats fine... 15709! .5682Titaniume......ssessses se e 5300! .1917 
Copper, Castor | 8788 317 Tungsten. se voesconcee| 17000! . 6149 
RE ARLES connue mo) 8698] -3146[Uranium 10160) .3671 
LC WIPEe socccsorcooooel 8880] -3212 Wolfram osssssoocsoossoose| 7119] .2575 
IridiuM scsocssescssossoe[18680! 6756 Zinc, Cast . cossssrsoesse| 6861] .2482 
“  hammered..….....23000! -831 66 polledesscssessesel 7191] .26 


Iron, Castr.seesessossssee] 7207 .2607 
6 56 n metal...| 7308| .264 ! WOODS (DRY.) 


66 hot biasl..o. see 71065 .2555 
66 gold 4 sccosseeel 7218] -2611Aldere.ssosnnnsssonee; 800150 


“ wrought bars.….| 7788 .2817Apple sessssesssseoss] 793149 . 562 
«c US wire.….l 7174} .2811 Ash 845152.812 
0000005089 250900500000 600,43. 125 


&  rolled plate... 7704 .2787 
_ Lead, cagtosssssserees o vo 11352! ‘.41061Bamboo. .…. . ssl 400125. 


QU rolledoeosssososceseos 1 1388 4i 19 Bay. APLLLETLE ELLE LEO 822 51 . 376 
Lithium. efesescse veonecue 590 0213 Beech.. ses sooses ee .e 862163. 25 
Manganese. ee 000060500000 #00 e- 288 sc SsoSocveeueenessesesceé 690 43 - 125 
MLagnesinun... su mes000 1750 .0633 BirChocoscosoossessoso cesse 667 35.437 
Mercury—40© « recccres|16632 _66611Box, Bruzilran | 1031164.437 

66 + 32° cesser tee 13698 .491 LS Dutch oo scee s08v0e 912 57. 

«6 60 .sosel13680| .4912 64 French... 1328183. 

cé 2120 .eocssse13370] _. 48: Bullet-wO0d s..ssssss sol 928158. 
MolybdenUmM. s.s.eceee| 8600! .3111)Butternute.ssrsss. 376123.6 
Nickele.sscccesssooeseee] 8800! 318: AINPERORY secs] 918|57. 062 

cé CAgtleoo.se - téouesceue 8279 e 299 dar esosossee . Vosasenautree 56 } 35 . 062 
Osmium 000005010808 10000 .3613 6 Indian covenssoeures 1316 82.167 


Cubio 
foot. 
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WoOODS, (Dry.) [ft] Weight} WOODS, (Dry. |épeci |Welent 
(Continued.) Bio Tool. (Continued Eye [bio foot. 








47.437 
58.25 
71.625 
73.125 
[78.75 


Hickory, pig-nut 
» IL bar 
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SPECIMC GRAVITIES, 








Stones, EBarths,&cis 





Agate 00008 = 000080008000808 
Alabaster, white... 


‘6 Yellow. sos. 
AluUM.......oose PRRTEETEETTES 
Amber. . Cros oneceteeuee0.e 
Ambergris. .....sessoccsee 


Asbestos, starry...s... 
Asphaltum ............ 


Barytes, sulphate.…. 
Basalts...…...ses eu. 


Borax 06000000000000000000e 


Bricktesessssronorceerss 


€ 
66 


fire...……..ssccecveee 
work in cement. 


se se mortar ÿ 


Carbon... 000000800000200%000 
Cement, Portland... 
66 Roman. 0090000 


CHAIkE vue sonronrsenneree 1 


Chrysolite..…… cosoesre 


Clay... sos. 
66 


66 


with gravel 
Coal, Anthracite. } 


46 Borneo...e.. ov0ss 


Cannel...…...….. 


Caking ses 
CLerryosooove ee e oo e 
Chilis.ocossesvoosee 
Derbyshire. ......s 
Lancaster .......…. 
Maryland... 
Newcastle... 
Rive de Gier..….…. 


Sootch....... ose 1 


Splint. . CSwecuvorevecve 
Wales, mean. 


6 Nat'l, Va soso 
Concrete, mean... 
Copal. Coorens ss tuucese 
Coral, red . 


Speci | Weight 

















tones, Earths, &c|; 


of a cu- 
[bte foot. 














2590 cé phil@rereerer serre 
27301170.626Cornelian. . s...scessoesee 
2699 168. 687IDiamond, Oriental... … 


Speci- 


Weight 
filcgra| of a cu- 


vity.| bic foot. 


2550 
2613 
3621 
3444 


1078 67. .375ÏEarth, * common soil. | 3194|137.125 
866 — “6 Jo08e,.........| 1500] 93.75 
30731192.062 6: moist sand ..…..| 20501128.125 
905 | 56.656624 ° mould, fresh...| 20501128 125 
1650/103.12689 ‘  rammed...…...…| 16001100. 
4000250. ‘6 rough sand..…...| 19201120. 
4866|304.06% ‘ with gravel...…..| 2020/126.25 
27401171.26 IEmery s.scosroosesesoe| 40001250. 
28641179 Flint, DIRCk sure ce cecsos 25821161.375 
1714/107.125 4 white ss) 25941162.125 
1900/118.75 IFluorine. sers] 1320) 82.5 
1367| 86.43 Glass, buttle .sossssesso] 2732117075 
22011137 .56 Crown... muse) 24871155.437 
18001112.60 LE :, fi (1 29331183 312 
1600/100. IDÉ serersesses ).] 3200196. 
20001126. (6 gTEDe.sssscossoe| 26421165. 125 
3500/218.75 Ê ‘“  optical...........| 3450/215.625 
1300| 81.25 LE ‘ it. soso ooosce| 28921140 .75 
.[ 1660! 97.25 À ‘  window...........| 26421165. 126 
1520! 96. BTE... soosvooe peoosoooe| 4189]  — 
2784|174. 66 blacks.sssssssse] 37501  — 
2782) — ranite, Egyptian red.| 26541165 .876 
1930/120.62 ‘6 Patapeco...….| 26401165. 
24801165. 66 Quincy... se.sel 26521165 .75 
1436] 89 75 ‘4 Scotch...…..| 26251164.062 
16401102.5 4 Susquehanna | 27041169. 
1290] 80.625KGravel, common. | 1749/109.313 
1238| 77.375 Griudstone.… sossoossosnes| 21431133.937 
1318] 82.376fGypsum, opaque......| 21681135.5 
1277| 79.81 2ÆHone, white, razor...….| 28761179.76 
1276 79.75 IHornblendes.ssesssssserel 35401221 .25 
1290 80.62 Iodine. so... cuvenvevoune 4940 _— 
1292 80.75 et. CULIIILITALELLLIELEERILL 1300 _— 
1273| 79.562}Lime, hydraulic..…....! 27451171 .562 
1355] 84.687 ‘‘ quickesss.oreee " 804] 50.25 
1270] 79.376! Limestone, green..…...| 3180|198.75 
1300! 81.25 ‘6 white..…....|.3156|197.25 
1259! 78 6871Magnesia, carbonate...| 24001150 
1300! 81.25 rble, Adelaide. .….….| 27161169 .687 
1302! 81.375 ‘* Africain. . ss.) 2708/1169 25 
1315] 82.187 ‘“ Biscayan, black.| 26951168.437 
1000! 62.6 66 Carara.cssssose 27161169 79 
746! 46.64 À ‘ common . ssl 26461167. 876 
2000]125. 6 Egyptian ce...) 2668/166.75 
1045] 65.312 ‘‘ FTENCMesrereneere 26491165 .562 
2700! — 6€ Italian, white | 27081169. 25 





* Spec. gray. of the earth in variously estimated at from 5,450 to 5,600. 
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Stones, Earths &c 








Marble Parian.. mosesse 

6 Vermont, white 
Marl, mean... snoosses 
Mica. . se. 


Mortar.. cocssosossossee 
Millstone.….. 


00009 294008900000 


Mudossososcsoe. so000e PTLO . 
Nitro .scssosoce ose 
Opulessssss se sonne sonoesene 
Oyster shell, . s..sssesese 


Paving-rtone. soscos ses se 
Peal, Oriental. s..sscese 


Peat. 400000900006 000000 


Phosphorus......… vov000 
Piaster of Paris... 
Plumbago......…. sonove se 


Porphyry, red. 
Porceiuin, China soso 
Puinice-stone .....ssosses 
Quartz sssssersee 
Rotten-stone.sssossososves 
Red lead sesece © 000008 060000 
Henin.e sosose vosocooose 0 
Rock, crystal... 
Ruby. …...... 
Salt, commons... esse 
Saltpetre css ssene0ossces 
Sand, COArNe. se. 
conmon. 

4 damp and loose. 
‘6 dried and loose. . 

66 drYscssoosososssoose 
66 mortar, Ft. Rich. 

«6 “6 Brooklyn 

0 gillicions..soser vos 
Sap hire es 00000e 


Sha Gooovoses 000000000200 0e 


Slate 000808 000090205060 


Slate, purple. sescee se sooe 
Small. sesso sovossooco coca 
Stone, Bath... Engl.. 
‘6 Blue Hill... 
4 Bluestone (baaalt) 
‘6 Breakneck..N.Y. 
‘6 Bristol... Engl. 
‘6 Caen, Normandy 
66 Common ctoossesee 


Speci-| Weight 
#o gra} of a cu- 


vity. | bio foot. 











28381177.375 tone, Craigleth.. Engl. 


tones Earth &ol5 spot 


Weight 
of a cn- 


vÉy. bic foot. 





23161144. 


26511165. 


21591172. 


26501165.57 Kentish rag ‘ 
17501109.3758 ‘ Kip’s Bay...N.Y. 
28001175. ‘ ‘Norfolk (Parliæ}. 


1384] 86.5 ment House). 
17501109.375) ‘ Portiand...Engl. 
21841155.25 4 Sandstone, mean 
1630 101.8764 «6 Sydney 
1900\118.75 ‘6 Staten Isl'd. N.Y 
2114] — 66 Sullivan Co. . ‘‘ 
2092 130.75 Schorl 0070508 200600 
2416/1151. par, Calcareous......... 
26501 — 4 Feld, blue... 
600! 37.5 66 46 green... 
13291 83.062 ‘6 kluor 
1770/L10.625Mtnlactite. .…... eve 
1176] 73.5 [Sulphur, native... 
21001131.25 Tale, menñn ss soocsone 
27651172.812ÎTn'e, black. se 
23001143 75 Miles ces sonconoso rose 
915] 57.187[Topaz, Orientales 
2660 166. 25 Trap.. 0000 00000002.099000 
19811123.81 Turquoise. .sessccsesoe0000 
89401553.75 
1085! 68.062} Miscellaneous. 
27351170.937 
4283| — 
2130 133.125 Aephaltum coosoesouees 
20gu|130.625 Atmospheric Air... 
1800112 5 EBeeswaxes.e.sersosoocom re 
1670|1L4.3875lButter...s...covocsessacene 
1392] 87.  ICamphor... ssssssssonsee 
1560! 97.6 Caoutchouc .......ssoosee 
1420| 88.75 JEgge sers socccson ones 
16591103.66 IFar of Beef. sscsssoree 
17161107.25 16 Homes socsooo se 
17011106.33 66 Mutton..ssss soso 
3994 _— Gamboze.....e se soseooosee 
2600182.5 IGum Arabic... cesse 











2900|181.25 IGunpowder, loose... 
26721167. ‘6 shaken… 
27841174. 

24401152. 6 . solid. | 


19611122.662 Gutta-percha..… csssssosee 
2640/1165. Horn... 
26251164.062J[ce, at 32° 
27041169.  Andigo. se sosssoogsos eos 
25101156 875][singlass. ose sesooe vo oes 
2076,129.756 ÉLvory..o..cee voooos vovso0c er 


25 rd 000000090008 ee 2000000080 


Vo s0000600000p 











23041744. 
23681148. 
2200|137. 
22371139. 


‘2976/1186. 
.2688|168. 


31701198. 
27351170. 
26931168. 
27041169. 
340v/215. 
24151160. 
20331127 
25001156. 
2900/181. 





16 
687 


5 
812 


125 
937 
312 


5 
937 


.062 


25 
25 


18151113. 487 
aUll| — 


27201170. 


21560! — 


905] 56. 
16501103. 
* 


965| 60. 
942! 58. 
958| 61. 
903 


1090! — 


923| 67. 
936 
923| 67. 


19222 — 


1452! 90. 
90v| 56. 
1000! 62. 
1550! 96. 
18001112. 
980! 61. 
16891105. 
920| 67. 
1009! 63. 
1111! 69. 
18251114. 
947| 69. 


062 
437 
063 
187 





(*) .001905. 
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Miscellaneous. [Sri] Fos Liquids.  |épes] Woishé 
vity. | bio foot. viiy. | bio foot. 
Mastic 00000D 800008 000 :000060 1074 67. 125 Aquañfortis, double... 1300 81 e 28 
Myrrh.ssesss soso] 1360) 86. ‘6 gingle..…...| 1200! 75. 
O PIUM.cov0e 090000 co v0000 1336 83. & Beer. . 000600000000 000 002000 1034 64.623 
Boap, Castile. sos] 1071] 56.937 Bitumen, liquid.......l 848] 53. 
Bpermaoëti......ssecssoose] 943] 68.937|Blood (human)..….......| 1054] 65.875 
Btarch .....oso.ssosscsosee| 950! 59.375|Brandy, & or 6 of spirit! 924, 67.75 
Sugar. soves soso sessocs| 16061100.375 Cider . sc sossesos soc 1018] 63.628 
6.66 1326] 82.875|Ether, acetic..….......,| 866| 54.125 
7 pepe 9721 60.25 | ‘ muriatic..…,....| 845| 62.812 
Tallow... cocsmsecccso00se) 941 568.812 ‘s sulphuric. sÉosssee os 716 44 .68T 
wW 964] 60.26 Honey s.sssesocooos coosool 1450! 90 625 
Brosses | | 070] 60.625 |Milkes..ssee sosons sosoosoecl 10321 64.5 
Oil, Anise-seed.…......| 986! 61.625 
Liquids. L Codfish 200000 se00p0ues 923 67 687 
66 Cotton-seed . s......ee — — 
Acid, Acetic. ose ess 1062 66.376 46 Linseed 5620000000 940 68.75 
BengoiC.. serve 667 41 68 46 Naphta Sos doses ee 848 63. 
66 Citrio. . . o.vsocos 1034 64.625 66 Olive. 170206000000 200060 915 67 187 
6 Concentrated..….| 1521] 95.062] € Palm... ssl 9691 60.662 
si FluoricC. 00000. 1500 93.75 sc l'etroleum e toosessoe 878 54.875 
‘6 Muriatic. . 000000 1200 76. ‘6 Rape css vosesoe see. 914 57.125 
66 Nitrie. . sooccs soso 12171 76.062! ‘ Sunflower ll 926! 57.876 
‘6 Phosphoric..... 1668! 97.376! 4 Turpentine. ses.) 870! 54.375 
« sé solid. .| 28001175. 6 Whale..……..sssossel 923] 57.687 
« Sulphuric ........ 18491115.662|{Spirit, rectifled.…....s....l 824] 51.6 
Alcohol, pure, 60%......| 794] 49.622|Tar...…. ses . sevsscecel 1015] 63.437 
95 per cent. | 8161 51. |Vinegir...... soso oocel 1080! 67.5 
«6 80 | 863! 53.937 Water, Dead Sea... 1240 77.5 
66 560 Qu el 934! 68.375 60°... 9991 62.449 
66 40 #6 ……! 951! 59 437 2129... 957| 59.812 
66 26 «6 ol 970) 60.626] ‘‘ distilled, 39°t | 998] 62 379 
“6 10 66 ..| 986! 61 625] ‘ Mediterranean | 1029| 64.312 
de 5 #6 | 992! 62. 66 PAIN... ssscscoososoool 1009! 62.6 
‘6 proof spirit, °50 ÉE BOosssocorososasuesl 10261 64.125 
Poer ut ! 60°. 934) 68.375 Wine, Burgundy- _eopsse és 62. 
‘ proof spirit, 50 ‘6 AMPAYNE. cel 097] 64.376 
Per cout 800. 4| 876) 64.687 à Mudere… | 1038| 62.312 
Ammonia, 27.9 per et.l 891! 65 6871 4 Port... 997! 62.312 


Compression of the following âuids under a pressure of 15 Ibs. per 


square inch : 


Alcohol ....e 0e 2020060600 000021 6 
Ether..cssoeee cocespppePPPPPP 0900158 


Mercury ssosoee Poouusses 00000265 
Water... snvese 0e 00004663 


* Spectfio gravity of proof spirit according to Ure's Table {os Sykes's Hydrometer, 0. 


4 ombic inch = .252.69 Troy grains. 
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Elastie Fluids. 


It Cubic Füot of Atmospherie Air weighs 527.04 Troy Grains. 
Its assumed Gravity of 1 is the Unit for Elastie Fluide. 


Atmospheric air, 340... . 
Ammonia.. ececsee se vosseocesse -589 
AZOtE. so sccccosovrcvo co venoem ce scee .976 
Carbonic ACIA. . vocso soccer so sene 1.52 
660 OXYd. eeossoo os svosoovee| . 972 
Carbureted hydrogen... ....…....| .559 
Chlorine..scosssecss sorssocsssocese | 2. 47 


Chloro-carboniGe.sess sosoes os eee [3.389 [Vapor of AalCOhO!. sos vessuos ee 


Cyanogenss.esee 002600820009 00 1.815 
Gne, COAl soso CTOTILE 


Hydrogen. sssrscgeroocess sensor 

Hydrochloric acidessse.s se ecoe! 1 
Hydroeyanie .942 
Muriatie ACideoscsscovsse covsscee 1.247 
Nitrogensses se moon ces vousss .972 
Nitric oxyd. 006000000008 0000600020 I .094 
Nitrous aeid . ose cossoosoocesse 2 638 
Nitrous Oxÿdosssssessvessoo conso. | L. 527 
Oxygen. COLT TIR LILLIOTETEIELILLIZI. l e. 102 





1.77 
1.17. 









Phosphureted hydrogen . ses. 
ulphureted & 
ulphurous acid, . s..esesc00.00|2. 2T 
team, ° 2129 svocsesoo cos soov0s .4883 
moke, of bituminous coal....| .102 

‘6 .105 
09 
1.613 

‘4 bisulphuret of cârbon|2.64 

Vapor of bromine....... see.se|5. 1 

‘6 chloric ether.. s.ss..e..l: 


ether...orsvesse tecbwovee 


‘ hydrochlorit ether.…., 


LAIT) 


COKe. COLLE ZT OLILINTT 


«4 wood 


OUovobroccecseoereus 


‘© gulphuric acide.sss.s.l2.7 

66 cé ether. 0000 2. 586 
4 gulphur. ss. 
«6 water. se 1U%000000000-090098 


Weights and Volümesof various Substances 
in Ordinary Use. 
En —__…—_——— 








Substances, | Sabio | Subie | 
Metals. Lbs Lbs. | 


Brass $ COPPer 67 tags.rs | 2829 


zinc 33 


6 gun metal...|543.76 |.3147 

‘4 sheets ....,.1513.6 1.297 

16 Wire 524.16 |.3033 
Copper, enet 1547.25 |.3179 


‘plates... 1543 625 | 3167 
Iron, cast... 450.437 |.2607 


‘5 gun metal ...1466 ,5 .27 
‘6 heavy forgingl479.5 |.2775 
‘6 platen... 481.5  |.2787 
‘# wroughtbars.|486.75 | 2816 
ad, cust.....……....|709 5 .4106 
‘ rolled........…. 711.76 |.4119 


Mercury, 60°......1848.7487].491174| Logwood ...... soccoe 


Steel, plates... 487 15 .2823 
‘6 gaft.. 489.562 |.2833 


t Equal to .07529143 lbs. avoirdu pois. 








Substances, | Soi | rio 
Metals. Lbs. | Lbs. 
Tilt soososo se .… 456. 687 .2637 
Zinc, cast..........428.812 | ,.2482 
4 molle. uuceu 449 437 | :2601 
Cab.F 
Woods. in a Ton. 
AGh. œosonsosvessosoe 52.812 42.414 
CA ÉLELELEPCELECE LEE 6l .376 43.601 
Corke..csoooccsoossese 15. 149.333 
Cedar Cuertonecssseueve 36 . 062 63. 886 
Chestnut. «sseseuvee 38 . 126 58 . 754 
Hickory, pig nut..| 49.6 45.253 
‘“  shell-bark..| 43.126 | 51.942 
Lignum-vitæ. …....| 83.312 | 56.886 


Mahogany,Hon- { 
AUrBS.. soso 


* Weight of a cubio foot, 257,333 Troy grains. 
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Substances. 








Oak, Caradian…. 
‘6 English... 
4 Jive,seasoned 
46 white, dry... 
se ‘ upland 


Pine, pitch @sovsceucue | 


46 red. .ossroooe 
66 white... soc. 
6 well season 
66 yellow . 
Bpruce... ..sossoes 
alnut, black, dry 
WilloWe.ssscoss vos 
66 dry. ossessees 


Miscellaneous. 


Air..osoossesesoccnos ne 
Basalt, mean... 
Brick, fire... 

66 mean. see... 


Coal, anthracite 


‘ bitumin.,mean 
46 Cannel. 
4 Cumberland.… 


Cubico 
Foot. 





075291 
175. 


137.562 


102. 
89.75 

102.5 
80. 


94.875 


Cub.Fee 
in a Ton. 





Substances. 














41.101ÏCoal, Weleh,mean|' 


38.455 L'oke.. sovvosvosceteuces 
33.55H]Cotton, bale, mean 
CRE PP 
52.169 Press 


54,303{Earth, clay....…..… 


60.7458 ‘ common «oil 
646931 66 ‘6 gravel 
75.173, ‘‘ dry, sand... 
66.248 f Jooge. ss 
71.68  ‘ moist, sand. 
711.68 6 mOÏd.scscsos 
61 265] ‘4 mud........… 


13.74 with gravel. 
Granite, Quincr…. 

‘5 Susqueh'nu 

Hay, bale. 

— ‘6 preaed ...... 
12.8 {fndia rubber...……. 
16.284, ‘ vulcanized. 
21.961HLimentone.,.…....…... 
21.958Marble, meun ose 
21.854]Mortar, dry, meun 
28 Water, fresh... 
23.609) ‘  galt...s...s 


84 687] 26.451{Steam. ee soooooe ce 





Application ofthe Tables. 

Wen the Weight of a Substance is required. Rue. — Ascertain the 
volume of the suustunce in cubic feet; muluply it by the unit in the second 
column of tables, and divide the product by 16; the quotient will give the 


weight in ponnils. 





Cubio |Cub.Fest 
Fvot. lina Ton. 
81.26 | 27.56 
63.5 35.84 
14.6 1154.48 
20. 114. 
25. 89.6 
120.625! 18.569 
137.125! 16.335 
109.312] 20.49 
120. 18.667 
93.76 | 23 893 
128.125] 17.482 
128.125! 17.482 
101 875] 21.987 
126.25 1 17.742 
165.75 | 13 54 
169. 13.254 
9.52512335.17 
25. 89.6 
66.437! 39.69 
197.25 | 11.356 
167 975! 13 313 
97.98 | 22.862 
62.6 35.81 
64.125] 34.931 
.036747 — 


When the Volume is given or ascerlained in Inches. Roze.—Muiltiply 
it by the unit in the third column of the tables, and the product will be the 


weight in pounde, 


Exawpce.— What is the weight of a cube of Italian marble, the sides bieng 3 feet ? 
33 X 21708 = 73116 oz., which —z 16 — 45.9.75 lbs. 
Or of a sphere f cast iron 2 inches in diameter ? 
235 X .5236 X .26 weight of a cubic inch — 1.089 lbs. 


Comparative Weight of Timber in a Green 
and Seusoned State. 


Timber. 





j 
Green. | Seasoned. 


Weigbtofa Cub. Ft. 








‘Timber. 
Lbs. Oz. 
30 11 |Cedar............._.. 
50. English Oak,......... 
53.6 Riga Fir............. 


Green. 


71.10 
43.12 





Weight of a Cub. Ft. 





Seasoned. 
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To Compute the Capacity of a Balloon. 


Rrue.— From epecific gravity of the air in grains par cubic foot aub° 
etract that of the gaz with which it is inflatel; multipiy the remainder by 
the vo'ume of the balloon in cubic feet ; divide the product by 7000, anq 
from the quotient aubstract the weight of the balloon and its attachments, 

Exampre —The diameter of a balloon is 26.6 feet, its weight in 100 1bs., and the 
spec.fic gravi!y of ihe gaz with wh.ch it is inflated is .06 (air being assumed at 1); 
what is its capacity ? 


527.04—31.62 X 26.63 X.5236 495.42 X 9854. 726 
gg" —100= 7900  —100=597.481 he, 


To Compute the Dinmeter of a Balloon, the 
Weight to be raised being given. 


By inversion of the preceding rule, 


W x 700—8—s 
g_ 5936 TE - d, s and s’ representing the weight nf air and gas in 


grains per cubic foot, and d the diameter of the bulloon in feet, 
Exawpzs.—Given the elements in the preceeding case 


4/597 48+-100 X 7000-7-527.04—31.62 
Then 5236 ——— ={/18821.09==268.6 féet, 


To Compute the Weight of Cast Metal by 
the Weight ot the Pattern. 


When the Patiern is of White Pine. 


Ruotz.—Multiply the weight of the pattern in pounds by the following 
multiplier, and tbe product will give the weight of the casting: 
Iron, 14; Brass, 15; Lead, 22; Tin, 14; Zanc, 13,5. 


When there are Circular Cores or Prints.— Multiply the aquare of the 
diameter of the core or print by its length in inches, the product by .0175, 
and the result is the weight of the pattern of the core or print to be deducted 
from the weight of the pattera, 

It ik Cuatomary, in the making of patterns for castings, to allow for 
sbrinkage per lineal foot of pattern. 

Lron and Lead 4th of au inch, Brass aud Zinc the, and Tin th. 
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PROBLEM. 


To determine the accurate solidity of any irregular body of 
small dimensions or of a body composed of several 
elementary parts with different dimensions 
and forms. 


(4) RULE. If it is the capacity of any vase or vessel 
which we want to measure, the idea generally suggest itself of arriving 


at the result by determining the number of times which such a vessel oan give 


place to or contain the contents of any other vessel of an elementary form of 
which we know the capacity. 


(2) Butif it is the solidity of the substance itself of the 
vessel, &o., which we desire to measure. the manner of operating 


does not immediately present itself to the mind of any one wishing to obtaiu 
the result. 


(8) RULE. Ifthe solidity to be measured is that of a non 
absorbent substance, 1”e immerse it in a vessel full of water or any other 
liquid of which we will measure the displacement by means of another vessel of 
known capacity ; or if the ftrst vessel is large enough and it form rectangular or 
cylindrical and of easy gauging, we will first put in it enough liquid to cover the 
object to be measured ; having afterwards observed the height of the level of the 
water in the vessel, w6 will immerse in it the objeot in question and observe again 
the level of the liquid ; if now we suppose that each fraction of a metre, ino h 
line or any other unit of the height of the containing vessel corresponds to a cubio 
metre, foot, inch, or line, &c., we will have but to count the number of such units 
ôn the height of the displaced level of the water to obtain immediately the solidity 
of the proposed object. 

(4) If the body is absorbent, we may for instance use sand or any 
other fluid substance, of the kind, that we can level the surface of by means of a 
rod with a rectilineal edge. 

In this manner we would arrive at the solidity of the most deversified 
bodies of the animal, vegetable or mineral kiugdom and of the thousand and 
one raw or manufactured objects which we have constantiy under our eye 


_—— 
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and of which it wouîd often be impossible to measure the solidities by the 
ordinary rules of geometry. 

It is well to remind also that we may arrive by a simple proportion at 
the solidity of a body by comparing its weight with that of another body of 
the same substance and of determined solidity, that is by the system of spe- 
cifle gravities which shows at the same time how to obtain the solidity of a 
body from its weight : which will form the subjects of the next problem, 


Ex, 1. The weight of an irreguniur block of stone is 13 pounde 7 ounces : 
required to determine with the help of the given piece the weight nearly of a 
eubic foot of sach stone. 


Ans. First cube the block of stone ; to that effect get a rectangular 
vessel, say 10 inches square or 100 iuches in horizontal area, and the height 
of which is divided into inches and hundretbs of an inch ; having poured iuto 
the vessel water enough to cover the stone to be cubed, I note the height of 
the water which I find 8.53 inches, I then imimnerse the stone in the vessel and 
I note again the height of the water which is now 9.89 inches ; the diffsrence 
of these heights is 1.36 inches. Siuee the vessel is 10 x 10 inches, it is pluin 
that every iuch of its height corresponds to 100 cubic inches and conse- 
quently, each hundredth of au iuch of such a height to one cubic inch ; there- 
fore the observed height 1.36, of the displaced level of the water corresponde 
to 136 cubic inches ; therefore the solidity of the stone is 135, and we will 
now obtain the weight of the eubic foot by making 136:215 ounces (weight 
of the stone) :: 1728 cubic inches (that is a cubie foot) : 2732 ounces, or, di- 
viding by 16,1704 pounds, the required weight. 

2. In a cylendrical vensel such that each inch of its height corresponiis 
to 1 cubic inch of space or solidity, we have immersed a piece of silver which 
bas displaced by 73 hundreths of an inch the level ofthe liquid in the vase ; 
required the solidity of the ingot of silver À 

Ans. .73 of a cubic inch. 

8. Having filled with water any vessel, we have immersed in it an 
object the solidity of which we want to kuow ; we have gathered in another 
vessel, the water overflown, the quantity of which is 3 gal. 2 quarts and + 
pint; what is the solidity of the proposed object, the gallon made use of 
being 231 eubic inches ? 

Ans. 1 gallon + ? quarts + à pint —231 + 1154 + 14,7, = 18 cubio 
inches. 

4. Required the solidity of an ahsorbent substance placed in a vessel one 
foot square filled with sand ; after haviug removed the object to be measured, 
we find that the uniform height of the sand in the vessel, first levelled to 
that effect, is .3 of a foot, the height of the vessel being 1.5 feet ? 


Ans. 1.5—3=12 feet= height of the displaced level of the sand, and as 
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the veasel is 1 square foot in horizontal section, it follows that the solidity of 
the object is 1.2 cubic feet. 


5. In a vessel having the form of {he frastum of a cone is a quantity of 
liquid of which the diameter nt the surface is 10 iuches : we immerse in itan 
object which increases by 9 inches the height or depth of the liquid in the 
vessel and which gives to its displaced surface a diameter of 14 iuches ; re- 
quired the solidity of the proposed body ? 


Ans. The volume of water displaced which is at the same time that of 
the object, is that of the frustum of a cune of which the parallel bases mea- 
sure respectively 10 and 14 iuches and of which the height is 9 inches ; this 


2 
sol.= (112, TT.) (10 + 14 + dtimes 12) x 7351x9--6 = 872 x .7854 x 1.5 
684.8688 x 1.5= 1027.30 cubic inches. 


THEOREM. 


To determine the solicity or weight of any body or substance, 
by comparing the volume or weight of such body with 
that of a body or substance of the same nature of which 
we know beforehand the weight and volume. 


(5) REm. The weight of a cubic fout af water at the temperature of 
40° Fahienheit (nt which water nearly reaches its greatest density) is 1000) 
ounces avoir du poids nenrly, or 624 pounds (english wisht) und we denomi- 
pate weight or apecifie gravity of any body or substance, the weight of a 
volume of such body or #ubstance equal to that of the water tiken for com - 
parison,; whence it results that if in advance we know the weight of a euhic 
fuot, for iustince, of euch of the different substances that we may be cal'ed 
on to measure or value, us stated in table X, we wi L at once determine by a 
simple proportion the volume of any other weight or quantity of the sime 
substance or the weight of any other volume of such substance, by the fol- 
lowi:g rules. 

(6) ROULE. To determine the solidity of a body from its 
weight ; make the proportion : the specific weight of the proposed body is to 
(:) its weight in ounces or pounds, &c, as (::) 1 cubic foot or 1728 cubio inches, 
is to (:) the solidily of the body in feet or inches, as the case may be. 

Ex. 1. The weight of a shell or cast iron ball or of any fragment of such 
a solid is 45 pounds : required the solidity of the proposed body ? 

Ans. It is seen by table X of specific gravities that the weight of cast 
iron is 450 pounde nearly, per cubic foot ; we will then obtain the required 
solidity by making 450 pounds : 1728 cubic iuches : : 45 pouuds: 172.8 cubio 
inches. 


#" 


163 
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2. Reqnired the volume of à marble statue the weight of which is 1000 
pounds, the specific gravity of the marble from which the statue is drawn 
beiug 170 pounds nearly to the cubic foot ? 

Ans. 170 pounds : 1 cubic foot :: 1000 pounds : 5 9 cubic feet nearly. 

8. À quantity of sand weighs 13 pounds : what is its solidity ? 

Ans. From table X, the specific gravity of sand is 1.520, that is, 1.520 
times the weight of an equal volume of water or 1520 ounces to the cubic foot 
(since the weight of a cubic foot of water is 1000 ounces) ; we will therefore 
make 1520 ounces : 1728 cubic inches :: (13 x 16=) 203 ounces : x = 
1723 x 208—2364 cubic inches. 

1520 : 

4. The weight of a tusk or tooth of an elephant is 25 pounds ; what is 
its solidity ? 

Ans. Ivory is 1825 ounces to the cubic foot; we will therefore obtain 
the solidity of the tooth by making 1895 : 1 :: (25 pounds or) 400 ounces : .22 
nearly of a cubic foot, or 1825 ouuces : 1728 cubic inches : : 400 ounces : 


378.74 cubic inches. 


5. It is required to determine in advance the probable weight of a cast 
iron grating which must be cast according to a carved model of pine wood 
the weight of which is 7 pounds ? 


Ans. We will first obtain the solidity of the pine model by making, as 
per rule (the pine being considered in this case as of 25 pounds to the cubic 
foot} 25 pounds : 1 cubic foot : : 7 pounds: .28 of a cubic foot. Now, as the 
solidity of the cast iron is 450 pounds per cubic foot, we will obtain the 
weight of the proposed grating=450 x .28=126 ponndes. 


(7) RULE. To determine the weight of a body from its 
volume; muke the proportion : as one cubic fuot is to ( : ) the volume of 
the proposed body, 80 is ( : : ) its specific gravity to ( : ) its weight. 

Ex. 1. The volume of a henp of snow on the roof of a building is 7001 
cubic feet, the weight of a cubic fuot of this snow, made heavy by rain, &c. 
is 30 pounds required the total weight which bears on the roof ? 


Ans. 7000=—210,000 pounds. 


2. What is the weight of a piece of pure cast gold the dimensions of 
which are 3 inches by 4 x inches? 


Aus. The solidity=3 x? *x 4=2? cubic inches; the epecific gravity of 
pure gold is 19.258 ; the rule gives : 1 cubic foot or 1728 cubic inches : 24 
cubic inches : : 19.258 : x = 19.258 x 2.25=25.07552 ounces 

1723 

8. One desires to know the weight of a firkin of butter the volume of 

which vbtained from the rule to article (112), is 1830 cubice inches ? 
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Ans. The specific weight of the butter is .940 of that of water, that is, of 
940 ounces to the cubic foot; we will therefore obtain the required weight 
— 1830 x 940=—9954 ounuces,-16=62 pouuds 34 ounces. 
1728 
4. What is the weight nearly of n stick of english o1k half-dry, the 
volume of which is 150 cubic feet ? 


Ans. The half-dry oak, from the table, is 66 poundsa nearly ner cubie 
foot, whence the required weight, is 150 x 65—9Y900 pounds. 


5. What is the weight nearly of a box of bound bovks the volume of 
which is 15 cubic feet? 
Ans. 15 cubic feet x 43 pouuds nearly =645 pounds. 


PROBLEM, 
To determine the specific gravity of any body or substance. 


(S) RULE. I. Cube and weight the proposed body, and afterwards 
make this proportion ; as the solidity of the body is to { : ) its weight in ounces, 
so is ( ::) a cubic foot of such body to ( : ) the weight of one frot «f it in ounces ; 
that is, Ly cutting off three figures for deci-its specific gravity. | 

Ex. 1. What is the specific weight of seasoned black walnut, if a simple 
of this wood the dimensions of which are 11x7x9 inches, weighs 24 
ounces ? 


Ans. 11 x7 x 9=—69.3 cubic inches=sol. of the proposed body ; now, from 
the rule 69.3 inches : 24 ounces : : 1728 inches : 598 ounces or 37.4 pounuds ; 
the required specific gravity is therefore .598 of that of water the weight of 
which is 1000 ounces to the cubic foot. 


2. An irregular piece ef chalk:of which the solidity has been obtained, 
4382 cubic inches, by the method of exemple 4 of the lust but one problem, 
weighs 43+ pounds : required the specific gravity of that substance. 

Ans. 42 inches : 1728 inches : : 434 pounds : 174 pounds : whence, the 
required specific gravity is 174 x 162.784 times the weight of an equal 
volume of water. 


8. À bateau or pontoon of 100 feet by 20 x 10 feet and the total volame 
of which is consequeutly 20,000 cubic feet , required in its construction 5000 
feet of white pine half-seasoned, the weight of which is estimated at 40 
pounds for the cubic foot, 500 cubic feet of elm computed nt 50 pouuds to the 
cubic foot, and 5000 pounds weight of iron spikes : required the draught of 
water of the proposed body ? 

Ans The weight of the pine—5000 x 40 = 200,000 pounds, the weight of 
the elm = 500 x 50 : 25000, the iron 5000 pounds ; the total weight of the 
bateau is consequently 230,000 ibs; the average weight or the specific grav- 
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ity of the pontoon is 2:1),000 pounds + 20,009 cubic feet=11.5 pounds te the 
cubic foot, that is 11.5 x 16 = 184 ounces per cubic foot, say .184 of the weight 
of an equal volume of water. The weight of the pontoon is 10 feet, there- 
fore the draught will be .184 of the height of the pontoon or 1.84 feet, that is 
1 foot 10 inches and .96 of au inch=1 foot 11 inches nearly. 


4. By what quantity can the bateau or pontoon of the last example be 
londed without causinug it to fouuder or sink beyond its deck or superior 
surface ? 

Ans. Since water weighs 62.5 pounds to the cubic foot and the total 
volume of the pontoon is 20,000 cubic feet, the total weight of the water which 
the pontoon must displace before sinking to the lever of the water is 20,000 
x 62.5 — 1,250,000 pounds ; now the weight of the boat is but 230,000 
pounds ; whence it follows that we might still without causing the bateau 
to founder loud it with a weight equal or nearly equal to the difference 
between 1250,000 pouuds aud 230,000 thut is 1020,000 pounds. 


($) RULE IL. If the body to be computed is heavier 
than water ; Jirst weigh the Lody in air, then in swoater, by means of a 
hydraulic balance ; the difference between the results will be the weight lost in 
wuler, or the weight of a quanlity of water equal in volume to that of the body. 
Make now the proportion : as the weight lost in water ( : ) is to the weight of the 
body in air (::) 80 is the specific gravity of water (:) to the specific gravity of the 
body. 

Ex 1. À piece of tin weighs 183 pouuds, its weight in water is but 158 
pounds : what is the specific gravity of tin ? 

Ans. 183—158=25 : 183 :: 1000 : 7320= required specific gravity. 


2. À block of granite weighs 21 ounces in air and only 13 ounces in 

water : what is the specific gravity of the granite ? 
Ans. 2625 

GO) RULE HET. If the body to be computed is lighter 
than water ; tie lo the proposed body by a thread the weight of which is 
relatively null, another body heavier than water, so that both of them taken 
together may penetrate or sink in the water ; having first weighed each body in 
air, and the heavier in water, weigh then in water the compound body, and from 
the weight lost by the compound body, substract the weight lost by the heavier 
body as weighed alone ; the remainder is the weight lost by the light body. Then : 
as the weight lost by the light body in water, (:)is to the weight of that body in 
air, (::) 80 îs the specific gravity of water ( : )to the specific gravity of the body. 

Ex. L. To a piece of elm which in air weighs 15 grains, we have tied a 
piece of copper the weight of which is 18 grains in air and 16 grains in water, 


and the compound in water wceighs but 6 graius : what is the specific gravity 
of the elm ? 
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Aus. 18—16 = 2 =the number of grains lost by the copper in {he 


water. 

18 + 15—6—27=the uumber of graius lost by the compound in 
the svater. 

27—2 —=?5=the number of grains lost by the elm tn the water. 


25 : 15 :: 1000 : 600 =the specific gravity of the elm. 


2. À piece of copper, weighing in air 27 ounces and in water 24 ounces, 
is tied to a piece of cork weighing in air 6 ounces, and the compound weighs 
in water but 5 ounces : what is the specific gravity of cork ? 

Ans. 0.240. 


° PROBLEM. 


To determine the quantity of each ingredient or element in a 
compound of two substances or elements. 


(11) RULE. Find first the specific weight of the compound, mixture or 
alloy, and of each of the component elements and multiply the difference of every 
two of these three specific weights by the third. Make then : the greatest product, 
(: ) is Lo each of the other product, (:: ) as the weight of the ailoy, ( : ) is to the 
weight of each ingredient. 

Ex. 1. À mass of gold and silver weighs 62 ounces, and its specific 
gravity is 16126 ; what is the quantity of each ingredient, the specific gravity 
of gold being 19610, and that of silver 11091 ? 

Ans. (19640—11091) x 16126—137,861,174. Alloy. 
(19640—16126) x 11091=38,973,774. Silver. 
(16126—11091) x 19640 —98,887,400. Gold. 
137,861,174 : 98,888,100 :: 63 : 45 ounces, 3 penny weights, 19 grains of gold, 
137,861,174 : 38,9743,774 :: (3 : 17 ounces, 16 penny weights, 5 grains of silver. 

2. À mass of copper and gold weighs 48 ou"ices, and its «pecific gravity 
is 17150, the specific gravity of gold is 19540 and that of copper 9000 : what 
js the quautity of each element of the mixtuie ? 

Ans. Gold=42 ounces 2? peuny weights 2 20178 grains, copper =5 ounces, 
17 penny weights 21 25448 grains. 

8. An alloy of silver and copper weighs 60 ounces, its specific gravity 
being 10535 : required the weight of each ingredient, their respective specitic 
gravities being 11091 and 9000 ? 

Ans. 46 ounces 7 penny-weights 9 11555$7 grains silver, 13 ounces 12 
penny-weights 14 2482 of copper. 

4. An alloy of copper and tin weighs 112 pounds and its specific gravity 
is 8784, what is the quantity of each of the ingredients of the mixture, their 
respective specific gravities beiug 9000 aud 7320 ? 

Ans. 100 pounds copper, 1? pounds tin. 





D 


MENSURATION OF SOLIDS 59 


5. Required the weight of gold, in n compound of qnartz and gold the 
specific gravity of which is 3500, thut of gold being 19640 aud that of quarts 
3000 ? 

Ans. 19610 — 3000 = 16610 x 35110 = 58 ,240,000 = 

Factor for the compound bod y. 
19640--3500 = 16140, 16140 x 8000 = 48,420,000 = 
Factor for the quartz. 
3500 —3009 = 500, 500 x 19510 =9,829,090 = 
Factor fur the gold. 
58240000 : 9820000 :: 100 : 16.86.8612638 -ounces of gold ; if this resnlt be 
correct, the weight of the quartz must be equal to the difference between the 
weight of the gold and that of the ullay, and in fact 58210000 : 48420000 :: 
100 : 8313373652 + vunces of quartz; the sum of these numbers= 100 ; there: 
fore, &c. 


PROBLEM. 


To determine the solidity of the largest piece of squared 
timber that may be got out of a round log, or 
out of felled or standing tree. 


7) RULE. Mulhiply the diameter of the tree or log by the half-diameter, 
and this product by the lengh : the result wall be the required solidity. 


Ju fuct, it is plain that the diam. AB multiplied by the 
half-diameter OC (or + AB) given for product the area of the 
inscribed square ABCD, that is, the are4 of n section, of the FE CSS 
timber to be cempnred, by à plane perpeondicular to its A Se > 
length, and thit aren multiplied by the length of the log 
gives (78 FT.) tha require solidity. 

REM. This rule snpposes that the diam. of the tree is 
every wWhera the same or that we make use of a inean diameter, as taken at 
middle of the length, and this generally done wheu thera is not too much 
difference between the dinmeters of the opposite ends; but to be precise 
(48, T.) we mast ns already stated (91, T.) add to the sum of the areas 
of the ends of the log or tree to be mensured four times the area of na section 
taken at the centre aud maltiply the whole by the sixth part of the length, 
or which isthe same thing, multiply tho sum of the areas by the whole 
length and take the sixth part of the result. 





Ex. LE. The circumference of n log, the length of which is 12 feet, is 
6.23 feet, deduction being male ofthe bark if necessary: how many eubic 
feet of wood will there be in the stick of squared timber to be got out of the 
log ? 

Aps. The cire. 6.28 correspouds to a dim. 2, the section of the timber 
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will therefore he 2 x 1=2 square feet in area, and as the length is 12, the 
solidity will be 21 cubic feet. 

2. À tree th height of which is 50 feet, has for ité snp. diam. 30 inches, . 
and for its inf. diam. 35 inches, for its interm. diam. 33 inches; what is the 
solidity of the piece of square timber that may be got ont of it. 

Ans. Arena rmall eud=92+% x 1E feet = 43.125 snp. feet, area large end =3 x 
13=4,5 sup. feet, intermediat area=2.75 x 1.375—3.78125, 4 intermedia'e 
area— 15.125, the sum of the areas=22.75 and that sum x 50: 6— 189.6 eubic 
feet. 


8. We have measnred at 5 places nearly equidiatant by means of athick- 
ness compas, the diam. of an irregular tre: jnst fell d; these diameters are 
renpeclively 39, 30%, 33, 37% and 3.5 inches, and the length of the tree 40 feet; 
what willits solidity be after it has been squared. 

Ans. The sum ofthe diimeters 190 inches-5—=33 inches= menn diam. 
= 34 foet, 3,160 x 1.583 = 5.012 nearlÿ = arex of the section; multiplying this 
latter by the length 4), we get 200$ cubic feut. 


PROBLEM. 


To cube a stick of timber AB which is but partly squared, or 
of which the edges or angles are wanting, 
called ‘ waney timber.” 


(3) RULE. Square the diam. AB of the timber, and from such square 
sublract that of the diam. ab of the sapwood, the d'fference of these squares multiplied 
by the length of the tunber, will be the required solidity. 

Jo fact, it is plain that the surface wanting at 
each of the four angles, corners of edyes of the tim- 
ber, to complete the square A B, is the triangle abo, 
or à triangle equal to abo, when as it is supposed, ef 
=gh=kl=ab ; uow the square on ab is woith 4 abo ; 
therefore, &c. 

REM. 1 Ifthe sides ab, ef, &c. are not equal 
to each other, we may take one fourth of the sum of 
these four sides for à mean diameter ab, or for greater 
accuraty, We Will make separately the squares of ab, ef, &c., and the fourth 
of the sum of those squares will be, or the sum of the fourths of those squares 
will be the quuutity, nearly, to be subtracted from the square AB to obtain 
the net «rex of the section of the timber. 





RE. LE. Let ur observe as in the last problem that if the timber is uot 
throughout its entire leugth of equal size, its section must be taken at about 
the middle of its length, and this is generally what is done (148 T.) or, 


we 
will determine several sections of the timber and then take their meun, 


or 
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finally we will make the sum of the areas of the opposits ends plirs four times 
that of the intermediate section and afterwards multiply the whole by the 
Jeugth and tuke the sixth part of the result. 


REM. II, We must also observethat we may arrive at the aren of any 
regular or symmetrical octagon or of the kind here illustrated by subtracting 
from the square of the p-rpeudicular distance AB which separates any two of 
its parallel sides, the square of one ab of the sides adjacent to the first. 


Ex. 1. An eight sides pilar is 3 feet wide or thick AB, the side ab of the 
chamfer aob is 6 inches : what is the solidit y of the pillar, its length or height 
being 10 feet ? 


Ans. (3+3—(.5 x .5)= 8.75 superficial feet, and 8.75 x 10—87.5 cubic 
feet=— required solidity. 

2. A log of timber the edges of which are waney, measures 30 inches 
square and 30 feet long. the average of the aides ab, ef, &c., of the wane is 9 
inches ; what is the solidity of the tinber ? 


Ans. (30 x 30) minus (9 x 9)=919 square inches = area of the section of 
the timber—6.382 feet very uearly, and 6 332 x 30=—171.46 cube fret. 


8. We have reduced to 30 inches equare at the lurre end a tree the 
diam, of which was at that point 36 inches ; at the emall end the diam. 30 
inches has been reduced to 25 inches ; the wane, sapwood or defect from a 
true square ab is from 7 to 6 inches respectively at the two euds, such 18 
obtained by a direct measurement of the piece of wood to be cubed, or by 
means of a sketch made from a roule of equal parts : what is the solidity of 
the timber, its length being 60 feet ? 


Ans. Area nt the large end —(30 x 30) - (7 x 7)=851 nquare inches, 
aren nt small end = (25x25) — (6x6) = 589 sq. f., the intermediate area 


30) . 23 1,95 4. + 6 3 





2 ” 2 2 “2. 
756.25 —-42.25 =714 ; 851 +859 : 4 times 711—4296 square inches, dividing by 
144 we obtain 29.833 square feet, multiplying by & of the length or by 10 we 
obtain 293.33 cubic fuet. . 

Ans. Arena section at the centre =714 sqnare inches. 711--144—4933 
square feet, 4.9583 x 60—297.498 cubic feel, that is, equal to the accurate soli- 
dity by less than one font nearly, or by less than one 300th neurly, or by 
Jess than one third nearly of 1 per cent, sufficivut accuracy (148. T.) in 
practice. 

REM. IV. À comparison of the two answers of the Inst problem indi- 
cates sufficientiy thit the ordinnry practice of cullers, who take the dimen- 
sious of a log at the middle of its length, and afterwia ds muitiply thé area of 
the section at th ct place by the length of the timer, to obtain thus its soli- 
dity, is, cousideriug all thiugs, (R4S LT.) suuctioued by circumstuuces. 
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The length of the old 18inch cast iron main from the foun- 
tain head at Lorette to Mount Pleasant is 40,800 ft. (73 miles). 


For a small portion of its length (700 ft. which dip below the 
bed of the St. Charles under a head of 486 ft. or 209 Ibs. pressure 
to the square inch) its thinckness is 1} inches. 


Its thickness generally along the low levels is 1 inches, de- 
creasing to £ of an inch at Lorette and to one inch at Mt. Pleasant 
where the head is 251 ft; while the height of this point above high 
spring tide level of the River St. Lawrence is 235 feet, (together 
486 feet). 


The whole City was formerly supplied over this level ; thus 
taking the water up hill and then down again to the lower levels. 
The supply from the old pipe by this mode was some 2} million 
gallons, and it was fed intermittently to the higher wards over the 
summit level, along Grande-Allée, at 324 feet above base or under a 
162 ft, head : the lower wards having to be shut off during the in- 
terval. . 


A 14 inch branch pipe has lately been introducod at the foot of 
aqueduct hill, whereby the water from the old main now passes 
direct int the low?r wards of the City : Jac.-Cartier, St. Roch and St. 
Peter, through Arago street ; thus increasing the supply to some 31 
million gallons. The remaining portion of the 18 main up aqueduct 
hill to Mt. Pleasant is nt done away with ; so that should an acci- 
dent to the new main require it, the flow through the old main, by 
turning it off at Arago St, may still be utilized to do duty as for- 
merly on the upper levels. 


Paralled with the old main a new one of increased diameter 
(30 inches) has just been laid from the same fountain head at Lo- 
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rette to Mt. Pleasant, where it divides into a 14inch main down 
John St. to and through the ward of the same name, supplying 
also Palace ward and passing down Mountain hill to Champlain 
ward ; while an J8inch pipe passes up deSalaberry St., and over 
the Grande Allée into Montcalm and St. Lewis wards. 


The 840”new main from Lorette passes over the river St. Charles 
through an iron tubular bridge having a wooden lining within it 
and an 18 inch air space between the two to guard. against frost. 
A loop line of the old main also runs through this tubular bridge, 
side by side with and paralled to the larger main, as an additionnal 
precaution in case of an accident to the pipe under the bed of the 
river. . 


The same precaution has been observed at the’ river Des Mères 
where, while the old pipe also passes under the bed of the river, a 
loop line thereof, together with tho new 30” main pass side by side 


over the river through an iron tubular structure similarly protected . 


from frost by an inner tube of wood and an air space between the 
two. 


The new main is 1} inches thick, of cast iron, along the lower 
levels, 460 ft. below the fountain head at Lorette and diminishes to 
an inch at Mt. Pleasant level and to ÿ of an inch thick at Lorette. 


Along the line at distances of about a mile apart, there are a 
series of air valves and wells which have to be attented to each 
time the water, after being run out for purposes of repairs, ete. is let 
on again. These air valves also act as buffers to relieve the new main 
from the effects of water hammer which invariably occurs with 
greater or less effect when turning off the column of water in mo- 
tion for the purposes already alluded to. 


The new and old mainsrunning as stated, side by side, along the 
same right of way (33 ft. in width) the same wells have been utilized 
with the addition of an underground pocket to each of them to con- 
tain and allow free access to the stop gates and air cocks. 


Our works are some what interesting to Engineers, instructive 
and suggestive on account of the exceptional head of 486 ft. giving 
rise to a static pressure of 208 1bs. to the square inch when the 
water is turned off and quiescent in the pipes, while the dynamic 
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pressure varies of course with the velocity of delivery, and is subject 
to great variations according as, in case of accident, the gates are shnt 
with more or less activity under the pressing influence of an excited 


alarmed and unthinking public ; which is invariably the case at 
fires. 


The annexed tables of pressures at different elevations and 
though varying lenghts of small sized pipes with the corresponding 
jets for fire purposes through 50 ft. of 3 inch canvass hose and a 14” 
nozzle, must prove of interest to all. and-I am cncouraged in this be- 
lief by the very flattering testimonial as contained in the last pub- 
lished volume of the transactions of the American water-works 
Association, that a paper by myself, read before the association in 
April last, bearing on the subject of our water-works, is alluded to 
as among the most valuable ones received. 


It is necessary to remark for the mental relief of underwriters, 
that though the jet pressures in the lower-town are at a mininum 
while feeding around by the long and circuitous route of St. Paul 
St. they can be immediately venefited in case of fire by the opening 
of a few stop gates whereby the more direct pressure from the upper 
wards can be brought to bear, as at Dambourges St., Sous-le-Fort St. 
and Mountain hill. 


The same can not however be said of the renote portions of 
Champlain Ward at Cap-Blanc, and of St. Rochs Ward at the Pion 
Factory, at the woolen factory, at Mignier’s and Rochette’s factories 
and at the corner of Prince Edward and St. Roch Streets. 


This defect which it would have been so much less costly to 
have prevented from the first by the employment of pipes of larger 
bore and the cutting up of the smaller pipes into lesser lengths must 
now ne cured as proposed be me in my report of 1881 by laying 
intersecting mains of an increased diameter from Arago Street down 
Caron and Dorchester, as well down Grant or Dominique Streets to 
Prince Edward Street, 


The 4 inch pipe in Jacques-Cartier Street should be taken up 
and the 6 inch onc at Panet St. continued to the woolen factory. The 
4 inch main at Cap Blanc should also be replaced by a 6 inch one 
or still better, as already suggested by me in 1881, supplement the 
want of pressure in that locality by a loop line across and down 
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the cove field to Champlain Street from the head of deSalaberry St. 
The insufficient fire pressure at the Rubber factory in St. Paul St. 
and its vicinity must be supplemented as I have already reported 
to the W. W. Cte. and City Council, by a relief main of 6” bore 
through St. Charles St. from St. Valier St. to join the 8 inch pipe in 
St. Paul St. at St. Thomas Street. 


The lip of the dam at Lorette has still to be raised by an ad- 
ditional course of heavy cut stone masonry in hydraulic cement, 
which will cost some 83,500 or by a wooden flash board of solid oak 
or elm timber at a cost of say *2,500, which is the preferable on 
account of its allowing of a groove and second flash-board to impound 
the waters of the river during the cold and dry months of winter, 
the wooden substructure allowing of more easily fitting and retain- 
ing the second growth by the facility of securing it to the solid oak 
or elm beneath. 


The greatest enemy now to be dreaded and which it is peremp- 
tory immediately to guard against, is the constantly increasing flow 
of sand into the aqueduct from tne subsiding reservoir at Lorette. 


Many a time already have I dwelt on the necessity of not de- 
ferring the construction of a sand bar or silt arrester which it is 
strange, was not thought of same 835 years ago when the old main 
was laid. 


This can no longer be put off as the increased suction of the 
new main—nearly three times the capacity of the old one—bids fair 
to fill up and destroy the whole system at an early date, if the cons- 
truction of the proposed apparatus and superposed strainer or filter 
be any longer postponedl. 


Relating to the subject of a filter for our works, the recent re- 
solution of the City Council to invite competition plans therefor, 
again forcibly illustrates the proverb first propounded by the Sa- 
viour when asked to preach in Gallilee, that “no man is a prophet 
in his own country.” Invite competition if you will, but let it be 
understood that the competing parties shall visit Lorette and see for 
themselves as I do not intend again to devote my midnight hours 
to preparing data for the host of unfledged engineers who will be 
doubtless, ready to respond to the call, in the hope of securing the 
first, second or third premium to be offered for what may be 
rightly or wrongly considered the best scheme. 
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Already have I been put to immense trouble in prepairing quires 
of written data and information for an out side report on our new 
main, which turned out to be of absolute uselessness though it has 
or will cost the City some $1500 ; in preparing plans, estimates, 
specifications etc., of an addition to our City-Hall and new Recorders 
Court, which bids fair never to be carried into execution ; with mul- 
tifarious other schemes for various City improvements, requirin 
19 hours daily labour ; without being again saddled with a lot o 
useless work. I know more about the requirements of our aqueduct 
than any outsider possibly can, and if the Corporation wishes to 
repeat the folly of paying strangers, to not do, or wrongly do what 
is required, as in the case of our harbour works which already cost 
over a million of dollars and will likely cost much more, Dr an 
enclosure so small that an ocean steamer will not be able to turn 
about within it; while Î proposed, at no additionnal cost to take in 
a much vaster proportion of our immense estuary of the St. 
Charles ; if we are content and will continue to be with importing 
engineers to do what we better understand ourselves as in the 
case of the Levis Graving dock, undertaken to be built for $400,000 
but which now costs 8775000 and will cost a million before it is 
completed, and all through this mistaken sentiment that men from 
foreign ports understand our climate, our requirements better than 
we do ourselves ; if, I say, another repetition of this is required, 1 
myself while protesting against it in the interest of the City, shall 
heartly concur in any scheme which will relieve me of the addi- 
tional labor. 


(Signed) 
CHS. BAILLAIRGÉ 
City Engr. & Engr. New W. W. 
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PREFACE 


ROYAL SOCIETY OF CANADA 
Honble P. J. O. CHAUVEAU, President. 


MR. PRESIDENT, 


The Society has just issued (1884) a quarto volume, well printed on 
good paper—paged in sections instead of consecutively—some 700 pages 
of french and english literature with much abstruse matter, which not more 
than one in a thousand can ever read, also some 46 pages of comedies 
which, however interesting and instructive the perusal thereof may prove, 
occupy somewhat of space in a work of such a nature; while there ap- 
pear but two articles, one of professor Johnston, of 1882 on the “Sym- 
metrical Investigation of the Curvatures of Surfaces,” the other by M. 
Deville, “La mesure des distances terrestres par des observations 
astronomiques ” : barely 18 pages out of 700, on subjects pertaining to 
mathematics. 


The object of the Society, I presume, as of any society of the 
kind is that, among others, of reporting progress and being foremost in 
its diffusion throughout all parts of the civilized world. 


I am 8 member of the Society and congratulate myself on being 
one. If the choice of the Noble Lord, its founder, first patron and first 
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honorary president fell upon myself as one of the original members of 
Section III, “ Mathematics, Physics and Chemistry,” it must have been 
with the full knowledge of what He was doing. The Marquis of Lorne 
knew of my labors and publications. He knew them to have been 
crowned in France, Belgium, Italy, Russia, and introduced into Japan 
and elswhere; but on account of their utilitarian nature, as of other 
meritorious works, He desired for them a vaster field of action in the 
education of the world: The British Empire, the United States of 
America, &c., &c. The mode of arriving at this was precisely among 
others, the creation of a Society, which under the prestige of its Royal 
Birth, an with the help of ân annual grant from the gov:rnment of the 
Dominion, would be enabled to publish and make known to the rest of 
the world, the mineral and other treasures of our vast country, as wellour 
progress in the Arts, Sciences and Literature, both French and English. 


The admirable inaugural addresses of the Noble Lord himself, of Dr. 
Dawson, the then president of the Society and of the Honble M. Chau- 
veau, its vice-president, contain many happy and pertinent allusions to 
this mode of taking by the hand and making known to other countries 
such of us as might have done something useful in the past, or of those 
who under the potent influence of the Royal Society might do so in the 
future, and whose labors, without which, might have remained unknown 
and the world have been deprived of certain knowledge which it might 
have rendered profitable for the advantage of mankind. 


The importance, the world over, has not been seen, of saving to 
thousands an hour each day, or be it even half an hour or a quarter, in 
the computation for instance of the contents nf a tub or vat, to which, 
there continues to be applied in practice and taught in our schools, Le- 
gendre’s method with an area mean proportional between those of the 
opposite bases, whilst that obtained by a multiplication of factors which 
are arithmetic means between those of the end bases simplifies the oper- 
ation in a way to save much valuable time, render the operation easier 
of apprehension and far less subject to error. 


Believe me, M. President, this one thing alone made known through 
the medium of the Royal Society of Canada, would have sufficed to 
give It at once an impetus, a great prestige of public utility, with the 
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honor of being the first in the field ; since the tub or vat exists under 
its usual shape of the erect or reversed frustum of a right cone and 
in all possible proportions in the arts, trades and industries of all kinds, 
in soap and potash factories, breweries and distilleries, &c., in every 
known country of the world. 


So far, of one of my papers : that read before the Society in 1882, 
and of one single item thereof, and I might enlarge on many others in the 
same paper, under the heading : “ Application of the Prismoidal Formula 
to the measurement of solid forms. ” 


In 1883, I contributed three several papers, see page LX VII ot the 
“Transactions,” one of which ( II ) entitled : “ Simplified solutions of two 
“ of the more difficult cases in the parting off and dividing-up of land, 
“also a case in hydrographical surveying. ” 


Nor was anything useful seen in this, and yet they are operations 
which the world over, surveyors and hydrographers have every day to 
perform and repeat; and all such, I am positive would have been thank- 
ful to the Society for making known to them simplified solutions of 
what they consider to be difficult cases. 


Again (III), “The areas of spherical triangles and polygons to 
“ any radius or diameter.” 


Will it be said that there is nothing special enough in this, nothing 
sufficiently scientific and utilitarian to figure in the publications of the 
Society. 


On the contrary, what labor is there not to all those having to do 
with such calculations when the old or ordinary rules are made use of to 
arrive at the doubly curved surfaces of a portion for instance of the 
terrestrial spheroiïd, as of the spherical forms pertaining to the arts and 
trades, such as a boiler or copper, a gazometer, a dome, the ball of a 
steeple, a shell, a cannon or a billard ball. 


Then in article (I), Was there still nothing pertinent, nothing sug- 
gestive in, my: “ Hints to young geometers for a new edition of Eu- 
clid.” Could it not be seen that in the thousands of schools of the old 
and new worlds, where this author of 2000 years ago still holds his own, 
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these “hints” or “suggestions” might enable professors to spare their 
pupils much valuable time ; certainly not less than some three months 
in their study of the elements of geometry, while at the same time scru- 
pulously conserving all the deductions and conclusions of the greek 
author and sacrificing nothing of their logical concatenation. 


No, Sir, nothing of all this has been seen. We have been content 
to fill a 700 pages volume with articles of merit, no doubt, and which 
have or will have their great utility, but in a narrower field of enquiry : 
mineralogy, botany, chemistry, physics, astronomy, &c. and nothing to 
the point has been found in subjects which address themselves to the 
whole world and form, so to say, the basis of all education preparatory to 
the study of other sciences. 


Let us hope, M. President, that, henceforth the publication and 
printing of our yearly record may be submitted to more mature consid- 
eration 80 that if hospitality Be given to he who has treated a subject 
interesting to only a portion of the community, the door may not be shut 
against him who on the contrary has produced something interesting to 
humanity, the world over. 


Tam not insensible though to the truth of the proverb which 
bas it that every thing happens for the better, 


Providence, may be, hks been willing to side with me. Had my 
feeble efforts in the direction of education and instruction, my vwritings 
in this field been mixed up with others in a vast quarto volume ; may be 
they might never have been noticed, the fate of most such books, and 
on the other hand, the circulation of the “Transactions” being necessa- 
rily limited on account of their great cost, it was perhaps better, con- 
sidering all things, that what I complain of should have happened as it 
has done, s0 as to afford me the opportunity, though at my own expense 
of an increased circulation. 


The omission may be the cause of my efforts in the direc- 
tion of progress and improvement, being better known, more widely 
circulated and appreciated, better even than they would or could have 
been under the shield, the prestige, the potent influence of a Society of 
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which the transactions less numerously reproduced, would have afforded 
me less chance of success with the numerous class of teachers and 
pupils, all over the world. 


This more facile and succinct teaching of the geometry of lines, and of 
the computation of areas and solid contents, has been so to say, the object 
of my aspirations for many years past; and now in a higher sphere, M. 
President, let me introduce to you as worthy of filling the first vacancy 
which may occur in section IIT “ Mathematics, Physics and Chemistry” 
M. K. Steckel, asst. engineer of the Dept. of P. M. of the Dominion 
one of our cleverest canadian mathematicians and who has already 
made long and serious studies in acoustics, hydraulics and other sciences, 
and should this happen before the next meeting of the Society, I doubt 
pot but what M. Steckel would then be ready to enrich its future annals 
with articles which would have their echo abroad. 


With my sincerest wishes for the well being of the Society, of 
which to make room for Mr. Steckel, I would be pleased to remain an 
honorary member, 


I bave the honor of subscribing myself, 
M. President, 
Your obedient servant, 
CHS. BAILLAIRGÉ, 


A. M, 


Fellow of the Royal Society of Canada and of several other 
learned societies, Member of the society for the gene- 
ralisation of Education in France. Chevalier of the 
Order of St. Sauveur, Italy, Architect, Engineer, 
Surveyor, &c., &c., &c. 

13 medals of honor and 17 diplomas from France, Belgium, 

Italy, Russia and Japan, etc. 


ON THE APPLICATION 


OF THE 


PRISMOIDAL FORMULA 


TO THE MEASUREMENT OF ALL SOLIDS 
By CHS. BAILLAIRGÉ, M. A. 


Member of the Society for the Generalization of Education in France, and of several learned 
and scientifie Societies. Chevalier of the Order of St. Sauveur de Monte-Reale, Italy, 
&c. Recepient of 13 medals of honor and 17 diplomas and letters from Russia, Frauce, 
Italy Belgi .m, Japau, &c. Member of the Royal Society of Canada. 
Read before the mathematical section of the Society on Saturday the 28th of 
May, 1882. 


. 


‘ Cette formule V = EE + B’ +4M); (Says “the late Revd, N. 


“ Maingui of the Laval University) que Mr. Baillairgé travaille à 
“ vulgariser, a l'immense avantage de pouvoir remplacer toutes les 
“ autres formules de stéréométrie.” 


The prismoidal formula reads thus: “ To the sum of the opposite 
and parallel end areas of a prismoid, add four times the middle 
area and multiply the whole into one sixih the length or height of the 
solid.” 


.* See this formula at article ‘Stéréométrie”’ of ‘Le grand dictionnaire universel du 
XIXème siècle par P. Larousse.’’ 
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The following letter from the Minister of Education, Russia, may 
be considered interesting in its bearings on the subject matter of this 
communication. 





MINISTÈRE DE L'INSTRUCTION PUBLIQUE. 


Saint-Petersburg, le 14 février 1877. 
No. 1823. 
À. M. BAILLAIRGÉ, “1T(} 
Architecte à Québec, 


Monsieur, 


Le comité scientifique du ministère de l’Instruction Publique, (de 
Russie,) reconnaissant l’incontestable utilité de votre “ Tableau Stéréo- 
métrique ” pour l’enseignement de la géométrie en général, de même 
que pour son application pratique à d’autres sciences, éprouve un plaisir 
tout particulier à joindre aux suffrages des savants de l’Europe et de 
l'Amérique sa complète approbation, en vous informant que le susdit 
tableau, avec toutes ses applications, sera recommandé aux écoles pri- 
maires et moyennes, pour en compléter les cabinets et les collections 
mathématiques, et inscrit dans les catalogues des ouvrages approuvés 
par le ministère de l’Instruction Publique. 


Agréez, monsieur, l'assurance de ma haute considération. 
Le chef du département au ministère de l'Instruction Publique, 


E. DE BRADKER, 
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The following extract from the Quebec Mercury, July 10, 1878 
further corroborates its importance. 


“ It will be remembered that in February, 1877, Mr. Baiïllairgé re- 
ceived an official letter from the Minister of Public Instruction, of St. 
Petersburg, Russia, informing him that his new system of mensuration 
had been adopted in all the primary and medium schools of that vast 
empire. After a lapse of eighteen months, the system having been found 
to work well, Mr. Baiïllairgé has received an additional testimonial from 
the same source informisg him that the system is to be applied in all 
the polytechnic shools of the Russian Empire. ” 


Should the Royal Society of Canada prove instrumental in the 
introduction of the new system throughout the remainder of the 
eivilized world, It will have shown that its creation by the Marquis of 
Lorne, the Govr. Gen. of Canada, has been in no way premature. 


The definition of a prismoid as generally given is understood to 
apply to a solid having parallel end areas bounded by parallel sides. 


This parallelism of the sides or edges of the opposite bases or end 
areas does not imply, nor does it exclude any proportionality between 
such sides or edges. 


Therefore is the frustum of a pyramid a prismoid, as also that of 
a cone which is nothing but an infinitary pyramid, or one having for its 
base a polygon of an infinite number of sides. 


Now let two of the parallel edges of either base of the frustum 
approach each other until they meet or merge in a single line or arris, 
when we have the wedge which is therefore to all intents and purposes 
a prismoid. 


Further let this edge or arris become shorter and shorter until it 
reduces to a point and then have we the pyramid which is againa pris- 
moid, as 1s the cone. 


It need hardly be said that the prism and cylinder are prismoids, 
whose opposite edges are equal as well as parallel in the same way as 
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for the frasta of the pyramid and cone the opposite edges are propor- 
tional while parallel. 


Now, nine tenths or more of all the vessels of capacity, the world 
over, and either on a large or reduced scale, have the shape ofthe frustum . 
of a coue or pyramid; the latter as evidenced in bins, troughs and 
cisterns of all sizes, in vehicles of capacity; the former, in the brewers 
vat, the salting tub, the butter firkin, the common wooden pail, the 
drinking goblet, the pan or pie dish, the wash tub — of whatever shape 
its base — the milk pan and what not else ; again the lamp shade, the 
shaft of a gun or mortar, the buoy, quai, pier, reservoir, tower, hay-rick, 
hamper, basket and the like. 


These are forms which inevery-day life the otherwise untutored 
hand and eye are called upon to estimate. Why then not teach a mode of 
doing it which every one can learn, and not only learn but what is of 
greater import, retain in mind or memory when mastered. 


Why continue the old routine when, as here evidenced, it is 80 
much more simple and concise, so much quicker to apply the prismoidal 
formula to all these forms, than resort to one more difficult of apprehen- 
sion and which to carry or work out requires tenfold the time the other 
does. 


Legendre’s formula requires a geometric mean between the areas of 
the opposite bases of the solid under consideration. This mean is far 
less easily conceivable than the arithmetic one; and to arrive at it the 
end areas are to be multiplied into each other, and the square root ex- 
tracted of their product; a long and tedious operation, one known only 
to the few, most difficult to retain, forgotten as soon as learnt and 
therefore useless. 


With the formula proposed on the contrary, the operation is one 
which the merest child can master, the mere mechanic or the artisan 
remember all his life and readily apply; for he has been taught at school 
to compute areas, that of the circle as well as others, a figure which he 
readily sees is resolvable into triangles by lines drawn from the centre 
to equidistant points, or not, in the circumference, and the area thence 
equal to the circumference—sum of the bases of the component triungles 
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— into half the radius, or height of the successive sectors which make 
up the figure. . 


Now, of almost all the solids herein above alluded to, the opposite 
bases and middle section are circles and the operation can be further 
expedited by iaking the areas ready made, to inches and even lines or 
less, from tables prepared for the purpose. 


The labour then reduces to the mere arithmetic of adding the areas 
80 found, that is the end areas and four times the middle area, and of 
multiplying the sum thereof into one sixth the altitude, or depth; that 
1s, to the simplest form of arithmetic taught in the most elementary 
schools, to wit: addition and multiplication, with division added when 
the cubical contents in feet, inches or other unit of capacity, are to be 
reduced, as of inches into gallons and the like. 


I would have but oné formula applicable to all bodies, and it will 
of course be asked : why, for instance in the case of the cylinder, the 
whole cone or pyramid, substitute the more complex for the simpler form 
of computation. My reason for doing so has its untold importance to 
thousands of the human race. Memory is not a gift to every one. I 
have none of it myself or hardly any, and its absence only entails a 
little reasoning as Î am now to show. 


I have seen students, only three months out of college doubtful as 
to which of the ordinary formulae to apply, to the pyramid or cone, the 
conoiïd, the spheroïd. In one—the first—the volume is due to the base 
and one third the height ; in the second, the base and one half the height ; 
in the other, the base and two thirds the height. Any mistake is fatal 
to the result. 


But with the one and only one; the unique and universal formula 
which I propose to substitute for every other, no error can obtain. Take 
hold of the pyramid or cone : set down its upper or one end area or that 
of its apex, equal nought (0) or zero, its other end area, whatever that 
may be. Its middle area, you see at once is one quarter that of its base ; 
for the middle or half way diameter is half that of the base, and the 
areas of similar figures as the squares of their homologous or like di- 
mensions. Now, ere you have put this down on paper; ere you have 
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had time to do 0, the reasoning process 1s going on within your mind 
and 1n far less tème than it takes me to relate it—that four times the 
middle area plus the area of the base is equal to twice the base, and 
that twice the base into one sixth the altitude is precisely the same thing 
as once the base, that is, the base into one third the altitude, and so come 
you back to the old or ordinary rule, the simpler of the two in this case, 
and without the necessity of having this formula stored in your mind as 
a separale process. 


And s0 with the cylinder where you see at once that the area af 
each base and of the middle section being all equal quantities, the sum 
of these bases and of four times the middle section is the same thing as 
six times the base, and again that six times the base into one sixth the 
altitude is the old rule of the base into the altitude, without the ne- 
cessity of remembering it as a separate and additional formula. 


But the great advantage of this one universal rule, its beauty so to 
say is further evidenced and more strikingly in the computation of the 
more difficult solids, that is of those which are more difficult under the 
old or ordinary rules. | 


In the sphere, spheroïd and conoïds, the one area, that at the apex 
or crown is always nought or nothing, as a plane there touches them 
in one and only one point. The formula applied to the sphere aud 
gpheroid therefore reduces to four times the middle area into one sixth 
the altitude or diamet?r or axis perpendicular to the plane of section. 


Now, let it be required to measure the liquid in a conoidal or 
spheroidal vessel inclined to the horison or out of the vertical This by 
ordinary rules, becomes an operation of much time, trouble and anxiety, 
as the size of the whole body or solid of which the portion or figure 
under consideration forms a part, has to be inade known, its fäctors en- 
tering into the formula for the content required ; whereas by the pris- 
moidal formula, no concern need be had as to the dimensions of the 
entire body of which the figure submitted to computation is a segment, 


That the rule applies to all such cases, is and has been abundantly 
proven by myself (see my treatise of 1866) as applied to any segment 
of a sphere or spheroid, to any ungula of such solids contained between 
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planes passing in any direction through the centre, to any frustum of 
these bodies, — lateral or central — contained between parallel planes 
iuclined in any way to the axes; to any parabolic or hyperbolic conoid, 
night or inclined, as well to any parallel frustum of either. 


This proof has been substantiated by MM. Steckel of the Dept. of 
Dominion Public Works, Deville a member of this society, and the late 
Revd. M. Maingui, professor of Mathematics at the Laval University, as 
well by the Revd. M. Billion, of the Seminary of St. Sulpice—Montreal ; 
by His Grace, bishop Langevin of Rimouski, and by many other ma- 
thematicians fully adequate to the task. 


M. Mangui says (page IX of his pamphlet and as already quoted 
from the french version) : “ This formula Y = Be B+ AD ie that 


“ which Mr. Baillairgé is endeavouring to introduce ; # has the im- 
“ mense advantage of replacing all other stereometrical formulae.” 
# 


This is the only formula which will allow of teaching stereometry 
in all schools however elementary, and as has just been shown, the appli- 
cation of it is the more simple, so to say, the more complex the body is, 
since in the conoid and segment of spheroïd, one of the factors at least is 
zero, While two of them are zeros in the sphere and spheroïd as in their 
ungulae. 


Thus while the studenht at college or from a University after having 
devoted much time to the acquisition of a hundred rules for the cubing 
of as many solids, has hopelessly forgotten them in after life, the com- 
paratively illiterate artisan, tradesman, merchant, &c. who has never fre- 
quented ought but a village school, will, having but one rule where- 
with to charge his memory, remember it all his life and be ever ready 
to apply it ? 

In the case of spindles and the measurement of their middle frusta 
— the representatives of casks of all varieties and sizes,—-the prismoidal 
formula does not bring out the true content to within the tenth or 
twentieth and up to the half or thereabout of one per cent; notwith- 
standing which, it is the only practical formula which can bring out 
anything like a reliable result. The true formulae for casks never can, 
nor will they ever be applied ; they are too leugtly, tvo abstruse, and the 
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wine merchant will tell you that the nearest the guage rod can come to 
within the truth, the guage rod founded on these formulae, is to within 
from one to three and even four per cent. This stands to reason, as 
when operating on the half cask—which is always done with all figures 
having symmetrical and equal halves—the half way diameter between 
the head and bung, the very element by which the cask varies its capa- 
city, enters as a factor into the computation, while the guaging rod can 
take no note of it. 

It remains but to say that in the case of hoofs and ungulae of cones 
and cylinders, of conoids and of spheroids, when the bounding planes do 
not pass through the centre, the prismoidal formula is still the best to 
be employed in practice, and again brings out the volume to within one 
half or 50 of one per cent. The true rules applicable to these ungulae can 
never be remembered, nor are or will they ever be applied in practice. 
Rather than that, the fudging or so called rule of thumb system, some 
averaging of the dimensions is sure to be resorted to and a result arrived 
at, where two or three to five per cent of error is considered near enough, 
while the proposed application of the prismoidal formula would reduce 
the error to almost nothing. 


Compouud bodies must of course be treated separately or in parts. 
Thus, a gun or mortar, as made up of a cylinder or the frustum of a 
cone and the segment or half of a sphere or spheroïd ; a moorish or tur- 
kish dome, as the frustum of a spheroid surmounted by a hollow cone ; 
a roofed tower, as a cone and cylinder, a cone and frustum of a cone or 
two conic frusta as the case may be and so of other compound forms. 


Again when frusta between non parallel bases are to be treated, the 
solid is to be divided by a plane parallel to one of its bases and passing 
through the nearest edge or point of its opposite base, into a frustum 
proper and an ungula, subject to the percentage of error already noticed 
in the volume of the ungula; while, by cubing the whole conoid or 
segment of a spheroïd of which the frustum forms à part, and then the 
segment which is wanting to make up the whole, the true content can 
Le arrived it. 

There are a class of solid furns where it would appear at first 
sight that a departure from the prismoidal formula becomes necessary ; 
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not s0 however as will presently be seen. I allude to the cubing of the 
fragment of a shell for instance, or of the material forming the vaulting 
of a dome as contained between its intrados and extrados. This is simply 
arrived at, when the inner and outer faces are parallel or when the dome 
or arch is of uniform thickness by applying the spherical, spheroïidal or 
cylindrical surfaces of the opposite bases, and the equally curved surface 
of the middle section; while, when the faces are not parallel or the 
thickness of varying dimensions, as well when the faces are everywhere 
equidistant, the volume may be had by cubing the outer and inner com- 
ponent pyramids and taking the difference between them. 


And in the making out of such spherical areas as may enter as 
factors into any computation, a most concise and easy rule will be found 
at page 35 of my “ stereometricon ” published in 1880 ; where any such 
area can in à few minutes be made up by the mere multiplication and 
addition of the elemental quantities given in the text, and any portion 
of the earths surface thus arrived at when the radius of the osculatory 
circle for the given latitude is known. 


With irregular forms, the figure can be sliced up and treated by the 
formula, and those forms wheu small and still more complex, such as 
carving, statuary, bronzes and the like, can be measured with minute 
accuracy by the indirect process of the quantity of fluid of any kind dis- 
placed, as of water when non absorbent or of sand or sawdust etc., when 
the contrary. 

Again may the specific gravities of bodies be applied, or their weights 
to making out their volumes by simple rule of three, or the reverse 
process of weighing them by ratio when their volumes are ascertained, 


Finally the quantities and respective weights of the separate subs- 
tances which enter into amalgams or alloys are obtainable as taught by 
a comparison of their weights in air and water, that is of the amalgam 
itself and of its unalloyed constituents. 


The whole field of solid mensuration is thus gone over in these few 
pages, instead of the volume required to contain the many separate and 
varied formulae which the old process of computation gives rise to and 
renders indispensable. The whole I say is gone over in as many minutes 
as the old process requires hours or even days. 
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HINTS TO GÉOMETERS 


FOR À 
NEW EDITION OF EUCLID. 


Read before the mathematical, physical and chemical section of the 
Royal Society of Uanada, May 22, 1883. 


Euclid is, no doubt, an admirable treatise, a purely logical series of 
propositions, & beautifully and wonderfully linked concatination of 
theorems ; but IL fail to see how for 2000 years 1it can have been 
written and rewritten without its striking one to what considerable ex- 
tent its several propositions are reducible in number by making mere 
axioms of some of them, corollaries of others. 


It is most singular how this ancient geometry holds its own 
against the hand of time, when other sciences have been s0 to say, 
ground down and reduced, generalized and simplified. 


Our veneration for the greek author must not degenerate into 
ignorance and ungodliness ; life is too short and there are too many other 
sciences to learn now a-days to devote a year or more to a study of the 
olden master. 


The two hundred and odd propositions of the first six books of 
Euclid as edited by Dr. John Playfair in 1856 may likely be reduced 
to less than half the number, while sacrificing none of the conclusions, 
all of which may be retained as corollaries, postulates, axioms. 


! 
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The fifth book, to begin with, may be altogether eliminated by a 
different treatment of the subject which can hardly be considered as 
stricktly geometrical, since by the substitution for instance of the term 
“ quantity ” for “ magnitude,” general expressions may be arrived at 
applicable both to geometry and arithmetic and signally simplifying and 
facilitating the solution of a great variety of problems, as what is un- 
derstood to be applicable to numbers is just as easilÿ apprehended when 
applied to the units which go to make up all geometrical magnitudes, 
and which magnitudes can hardly be otherwise conceived than as made 
up of such units, whether, linear, superficial, cubic or angular. 


And if the book be not eliminated in toto, many of its separate 
theorems may be so treated and their number thus reduced. 


All axioms are not such self evident propositions as to require no 
process of reasoning to render them acceptable as such. The mental 
process may be of extremely short duration, but it exists, and it suffices 
to extend the process within very narrow limits to embrace numerous 
other propositions and reduce them also to axioms or to corollaries 
thereof ; for if things which are doubles or halves of the same thing are 
equal to one another, it is not more difficult to conceive, that things 
which are quadruples or quarters of the same thing are also equal to 
one another, and thence arrive at the more general axiom that quantities 
which are equal multiples or submultiples of the same quantity are 
equal to each other. 


Now, ratios between geometrical magnitudes or quantities of all 
kinds can not be otherwise conceived than as numerical, for if their ra- 
tios be expressed in lines or otherwise, these last present themselves to 
the mind as made up of equal units and again convey the idea of 
number. 


Equal ratios are therefore to all intents and purposes equal num- 
bers, and wbat is true of the one, must be so of the other; hence I fuil 
to see the necessity, as a separate proposition of such theorems as the 
11th of the 5th book of Euclid, that : 


“ Ratios which are equal to the same ratio are enual to one an- 
other, ” since as just stated this may be made a mere corollary to that 
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atiom which declares that things which are equal to the same thing are 
equal to one another. 


In the same way may propositions, 1, 7, 9, 15 and F, and in fact 
most of the others of this book be considered self evident, or rendered 80 
by a much easier process of reasoning and demonstration, by consider- 
ing all the magnitudes in their simple and uncombined state A, B, C, D, as 
in their compound state of m À or m times À, n B or n times B, as sim- 
ple quantities made up of so may units of geometrical magnitude, or in 
other words as numerical quantities or numbers expressive of the con- 
tents thereof. 


Returning now to a consideration of the first book of Kuclid ; why, 
may I ask, were not propositions 2 and 3 made mere postulates. Again, 
should not proposition 22 of this book be made the very first of the 
series, and proposition 1 a mere corollary to it. To be sure, Euclid re- 
serves it till after the 20th where he shows that any two sides of a 
triangle must be together greater than the third side and this renders its 
position more strictly logical, if proposition 20 be essential ; but 20 can 
not be so considered when the very definition of a straight line, as the 
shortest distance between two points makes it evident that the passing 
over any two sides of a triangle to arrive at the third is a longer mode 
of transit than going straight to the point aimed at. 


Theorems 13, 14, 15, 20, 27, 28 of this book relating to perpendi- 
culars and parallels may be easily deduced as corollaries from the def- 
nitions, | 


Proposition 30 that straight lines which are parallel to the same 
straight line are parallel to one another need be nothing more than an 
axiom or a corollary thereto, for this very parallelism is defined to con- 
sist of equality of distance throughout, between the lines so styled, and 
as equals added to or taken from equals, the sums or remainders are 
equal, the lines being equidistant must be parallel. 


Proposition 34 may be deduced from 33, and so of 36 from 35, for 
Euclid who in his 4th and 8th of this book, applies the one triangle or 
figure to the other might equally as well have done so in the case of 3% 
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and thus reduced the case of parallelograms on equal bases, to the pre- 
ceding case of parallelogramns on the same base. 


The two next propositions 37 and 38 have really, no solid founda- 
tion for being treated separately ; for, not only can the one be merged into 
the other as uf 36 and 35, and for a like reason, but both of them should 
be made mere corollaries to 35, dependant on the axiom or selfevident pro- 
position that what is true of the wholes is equally true of the halves, 
every triangle being the exact half in shape and dimensions of its corres- 
poading parallelogram, or, conversely, every parallelogram the double or 
duplicate both in size and shape of its corresponding or component 
triangle, which is amply set forth in Euclid’s 34th of this book. 


Of the 2nd bouk of Euclid most uf the propositions, as of those of 
the 5th book are susceptible of numeric or algebraic demonstration and 
may be thus greatly simpblified and rendered more easy of apprehension. 


Proposition 5 of this book is a fruitful one in the solution of many 


problems, as where the area and periphery of a figure are given to find. 


the sides ; but, to this effect it must be shewn, which is not done, that 
what is termed 1he line between the points of section, is in other words 
half the difference between the lines, and by thus connecting the opera- 
tion with the rule for finding any two quantities of which the sum and 
difference are given, the proposition becomes suggestive which it is not 
in its present form. 


Of the 3rd book it may be said, with Clairant: it must be because 
Euclid had to deal with a set of obstinate sophists who were bent on 
refusing assent to the most self-evident propositions, that He found it 
necessary to prove as he has done of proposion 2 of this book, that the 
chord of a cirele lies wholly within the circle, as if the very definition of 
such a line were not sufficient to locate it. 


Neither can it be argued that there was any necessity for theorems 
5 and 6 of this book which are self-evident propositions. With regard to 
23, 24, 26, 27, 28 and 29 they may be all reduced to one general propo- 
sition with the others brought in as corollaries. 


There is in reality no essential difference between problems 1 and 
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25, as the process for finding the centre from which an arc is described, 
applies equally whatever the extent of the arc be, and even up to when 
it becomes an entire circumference. 


À different and more easy solution of 33 reduces its several cases 
to one and 80 of 35 and 36 where by similar triangles or in other ways 
may the several cases be reduced to one for each of the two propositions. 


What necessity there 1s or was of Playfair’s, additional proposition A 
after those of Euclid, I fail to see, as from the very definition of a circle 
and of its diameter passing through the centre, the proposition is self 
evident ? Playfairs prop. B of this book is nothing but a repetion of 
Euclid’'s 5th of book 4, for what else are the angular points of any 
triangle, but the same as any other three points not in one and the same 
straight line, and of his propositions C and D the same remark may be 
made as of No. 22 and others, that they are all deducible directly as 
corollaries from one general proposition. 


Of book 4, in prop. I, the restriction that the given straight line 
to be placed or inscribed in the circle must not be greater than the 
diameter of the circle can hardly be warranted, as it is evident the 
diameter or double radius, is from the nature of the circle itself the 
greatest line capable of being drawn in it. 


Propositions 6 to 9 of this book may be easily reduced to less than 
the dimensions of any one of the four. Props. 11 to 14 may also be 
made one case of, with short corollaries for the others, or the four of them 
corollaries to prop. 10 as the circle being thus divided into ten, the joining 
of the extremities of every second radius will afford the inscribed poly- 
gon, and the tangent at the ends of these radii, the circumscribed figure, 
while, from the nature of the regular polygon it will also be evident 
that any two perpendiculars to the middle of the sides, or any two 
bisecting lives of the angles, will where they meet give the centre of the 
inscribed and circumscribed cireles. | 


Having already remarked on book 5, it will suffice to say in relation 
to book 6, that with regard to theorems 14 & 15 as was done with pro- 
positions 35 to 38 of the 3rd book, they may both be made simple co- 


 rollaries founded again on the axiomn that what is true uf the wholes is 
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true of the halves ; and as to prop. 21, it is analogous to the 30th of the 
3rd book, for as the similarity of the triangles is due to the equality of 
their corresponding angles, it is therefore plain that this proposition is 
true as a mere axiom or corollary to the axiom that things equal to the 
same thing are equal to each other. Nos. 16 and 17 are deducible 
directly from the 35th of the 3rd, and 31 should evidently be a corol- 
lary to the 47th of the 1st, in corroboration again of the axiom that what 
is true of the whole, must be true af like parts thereof, and the same 
would also be true of circles or semi-circles described on the sides and 
hypothenuse of any right angled triangle, as also of the similar segments 
or other figures 80 described. 

The investigation need be carried no further, enough having been 
said as suggestive of the process of retrenchment ; while retaining all the 
conclusions of the greek geometer, and the same pruning or paring may 
be applied to the books of planes and solids and a new treatise written 
as suggested in the heading to this paper. 
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SIMPLIFIED SOLUTIONS 


Of fwo of the more difficult cases in parting off or dividing-up 
land, and of a case in Hydrographic Surveying. 


Read before the mathematical section 0” the Royal Society of Canada, 
May 2ind, 1882. 


The ordinary geometrical, as well as the algebraic solutions for 
dividing a figure or parting off from it a portion of given area by a 
straight line running through a given point within the figure, are both 
of them lengthy and laborious operations ; the algebraic formula in Gil- 
lespie’s, land surveying, covering nearly three successive lines of type. 


The consequence is that when this process has to be gone through, 
the operation is merely fudged out and the result only approximately 
arrived at. 


In the course of my simplification and reduction of the numerous 
propositions in Euclid to a less number of separate theorems and pro- 
blems than contained in the work of the great geometer, making many 
of them mere corollaries, postulates and axioms, (see my treatise of 1866 
written in the french language) the substitution of one for and embracing 
Euclid’s, three cases of that proposition of the 3rd book which teaches 
that if two chords cut one another in a circle, the parts of the one are 
the extremes of a proportion of which the parts of the other are the 
means, led M. Rene Steckel (a former pupil of mine, now in the employ 
ofthe Dominion Board of Public works, and whom 1 hope soon to see in 
the ranks of this section ofthe Royal Society, he being one of the cleverest 
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mathematicians in Canada), to demonstrate the lemma or preparatory 
proposition that the complements of parallelograms about the diameter 
of a parallelogram are mean proportionals between these parallelograms. 


Such being the case, I conceived the idea of applying this auxiliary 
theorem. to the solution of the above mentioned case. 

Let F the point, A F Cthe line 
of partition and À B Cthe area to 
be cut off. Complete the paral- 
lelograms shown in the figure, 
then is complement B F a mean 
proportional between E Gand H K 
or, which is the same thing, the 
triangle E F H is a mean between 
triangles À EF, FHC; wherefore 
. the rectangle of the unknown 

2 parts AEF, FH Cis known, being 

D equal to the square of E FH, that 
is, to the square of the number of units of area in EF H. Also the sum 
of the same unknown parts is known as equal to the given area, less that 
of the parallelogram BF. 


Therefore can the problem be solved by the 8th of the second book 
of Euclid, as the half difference between A E F'and FH Cis obtained by 
squaring the half sum of the unknown parts and from this deducting the 
rectargle of those parts, which leaves the square of half the difference. 
The half sum and half difference added give area À E F which divided 
by half the perpendicular F M gives the base À E, whence À B becomes 
known. 

Or area F H C becomes known as equal to the half sum of the 
unknown parts less the half difference, and area F H C divided by half the 
perpendicular let fall from F on the side B C, gives the base H C, whence 
B C is known. 

It need hardly be remarked that if the à figure or area to be cut off 
is not a triangle, the solution can always be reduced to the case of a 
triangle by prolonging the sides between which the line is to run, 
thereby reducing the solution to that herein above given. 
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Another, a more usual and more important case in its commercial 
features, is when as occurs more or less in all cities, a tract of land, a 
block between non paralled streets, and especially where these are com- 
mercial thoroughfares, is to be divided into lots of equal, proportional or 
given area by lines drawn in such a way as to cut the non parallel sides 
proportionally to the entire length thereof. 

The case evidently reduces, for each parcel to be portioned off to 
that of finding the sides À D, B Cinthe quadrilateral À C, wherein are 
given side À B, the angles at À and B and the ratio of À D to B C. 


' 
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In hydrographic problems the given angles are brought into con- 
tact with the given sides by taking advantage of that peculiarity of the 
circle of containing equal angles.in equal or the same segment. 

In the quadrilateral A C the sum ofthe unknown angles at D and C 


is known equal to 360° — A+B. In trying.to find a new and simplified 
solution for this pertinent case of apportionment of usually valuable 
land or likely to become 80, I appealed to M. Steckel for an idea, when 
he immediately conceived that of bringing the unknown angles D and 
C together by bisecting the figure in E and F and causing one of its 
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halves to turn upon the point F through an angle of 180°, thus bringing 
angle D around to join C. The solution then stood out prominentlÿ 
before me as will now be undestood by completing the figure. 


It is plain that A’ E” (that is À E) having moved through 180° is 
parallel to to B E and equal to it, wherefore B A” is parallel to G H or 
to E F E’ prodnced. In the polygon E B L A’ E’ we have the angles 
at B and A” to find those of the two auxiliary triangles G B E, H A’ E” 
at the same points We have the angle at L== C + D and the ratio of 
the sides B L, 4’ L or B C, A D in triangle B L A” to find the angles 
A’ and B equal respectively to G and H. In the triangles G B E’, H A’ E’ 
we now have the angles and side B E= 4° E’= # A B to find areas 
GB E, H AE’ which added to the known area of the polygon E A’ 
or quadrilateral À C gives the area of the triangle G LH. Finally in 
G L H, we have angles and area to find G L and HL, from which 
deducting B G and A’ H we get the required sides B L = B C and 
A’ L= A DL. Q. E. D. 


The case in hydrogra- 
phy I am now about to 
present, will be found a 
very elegant solution due 
entirely to M. Stecke]l, of 
the interpolation of a base 
b c and the fixing of the 
point o whence the three 
angles are taken to the 
four points a, b, c and d. 





On a b and c d having described cireles respectively capable of the 
angles a o b, doc, produce ao, do to L and 9, join ag, d h, complete the 
figure. 


Angle ao g is supplementary to ao d as is also d o h, wherefore the 
angle at o of the 5 sided figure adhog is known; angles gab, hdc are 


ES C2 C2 e … mn : 





— 927 — 


known as supplementary to bo g and coh, and the sum of angles y 
and X is therefore known in the 5 sided figure as three times 180° less 
the sum of the other angles. 

Now, angles at g and , their sum is the half sum of those at the 
centre & fo, de o on the same base à 0, d 0, wherefore, the triangles a f o, 
d e o being isosceles, the sum 2 "= plus 2 n of the angles at their respect- 
ive bases becomes known and hence their half sum m plus # wbich 
together with the sum a o d of the three observed angles makes up the 
angle foe, whereby in the triangle fo e where the radii fo and eo are 
known, the distance f e can be found and the remainder of the solution is 
evident. 


THE AREAS OF 
SPHERICAL TRIANGLES & POLYGONS 


TO ANY RADIUS OR DIAMETER. 


Read before the mathematical, physical and chemical section of the 
Royal Society of Canada, May 22nd 1883, 


Last year I laid before this section of the Royal Society mÿ pro- 
posal to substitute in schools the prismoidal formula for all other known 
formulae pertaining to the cubing of solid forms, 


1 then showed that on this sole condition, the computation of soli- 
dities, even the most difficult by ordinary rules, as of the segments, 
frusta and ungulae of Conoids and Spheroids was susceptible of gene- 
ralisation and of being taught in the most elementary institutions, 


I then submitted that the advantage of the proposed system con 
sisted in this, that while he who had gone through a course of mathe- 
matics would, in three months thereafter or out of college, have complete 
1y forgotten or have inextricably mixed up in his mind the numerous 
and ever varying formulae for arriving at the contents of solids ; the 
simple artisan, on the contrary, who at an elementary school would have 
been taught the universal formula, and who from the fact of having to 
learn but one, could not forget it nor mix it up in his mind with any 
others, could apply it always and everywhere during a life time without 
the aid even of any book excepting may be, to save time, a table of the 
areas of circles or of other figures lengthy of computation. 
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What I then did for the measurement of solid forms I now propose 
to do for the mensuration of areas of spherical triangles and polygons 
on a sphere of any radius; I mean a simple and expeditious mode of 
getting at the doubly curved area of any portion of the terrestrial 
spheroid as of every sphere great or small : interior or exterior surface of 
a dome for example or of one of its component parts, as well of the bot- 
ton or roof of a gasometer, boiler or of one of the constituents sections 
thereof, descending even to the surface of the ball of a spire, a shell, a 
cannon or & billard ball 


TO THIS END : 


The area of a sphere to diameter I. being ==3.141,592,653,589,793+ 

Dividing by ”, we get that of the hemisphere =1,570,796,326,794,896,5 
This divided by 4=area of tri-rectgl’r sph. triangle —0,392,699,031,698,7 24,1 

—90=—area of 1° or of bi-rect. sph. ti with sp.ex=—1° —0,004,36:,3:23,129,985,8 
60= & Oofl oœrof “  « 4 1" —0,000,072,722,05°2,166,43 
—60= “ ofl’orof «  « « 17 —0,000,001,212,034,20,77 
—10= “ of01l"orof “ u  & 4 0.1”  —0,010,000,121,20:3,4"20,277 
—10= “ of 0.01” or of # CRE & 0.01” —0,000,000,012,120,:342,027,7 
10 #4 of 0.001”or0f4  # 4 & 0.001” —0,000,000,001,21°,0:34,20"2,77 


Find the spherical excess, that is, the excess of the sum of the 
three spherical angles over two right angles, or from the sum of the three 
spherical angles deduct 180°. Multiply the remainder, that is, the 
apherical excess, by the tabular number herein above given: the degrees 
by the number set opposite to 1°, the minutes by that corresponding to 
1’ and s0 on of the seconds and fractions of a second ; add these areas 
and multiply their sum by the square of the diameter of the sphere of 
the surface of which the given triangle forms part ; the result is the area 
required. 

EX AMPLE. 

Let the spherical excess of a triangle described on the surface of a 
sphere of which the diameter is an inch, a foot, or a mile, etc., be 3°— 
4'— 2.235". What is the area ? 

Area of 1° = 0.004,363,323,129,985,8 X 3 — 0.013,089,969,329,955 

“ 1 — 0.000,07:,722,052,166,43 X 4 — 0.000,290,338, 208,164 

“  17—0.000,001,212,031,202  X 2 — 0.000,002,424,068,404 

“ 0.1" — 0.000,000,121,203,420  X 2 — 0.000,000,21",406,540 

4 Q.01” = O.0U0,UOU,012,120,342  X 3  — 0.000,000,036,361,026 

a OUU1” — 0.00U,U00,001,212,034  X 5 — 0.000,000,006,060, 170 





Area required 0.013,333,566,195,059 
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The answer is of course in square units or fractions of a square unit 
of the same name with the diameter. That is, if the diameter is an inch, 
the area is the fraction of a square inch; if a mile, the franction of a 
square mile, and 80 on. 


Remark.— If the decimals of seconds are neglected, then of course 
the operation is simplified by the omission of the three last lines for 
tenths, hundredths and thousandths of a second or of so many of them 
as may be omitted. 


If the seconds are omitted, as would be the case in dealing with 
any other triangle but one on the earth’s surface, on account of its size : 
there will in such case remain only the two upper lines for degrees and 
minutes, which will prove of ample accuracy when dealing with any 
triangular space, compartment, or component section of a sphere of 
the size of a dome, vaulted ceiling, gasometer, or large copper or boiler, 
ete ; and in dealing with such spheres as a billiard or other playing 
ball, a cannon ball or shell, the ball of a vane or steeple, or any boiler, 
copper, etc., of ordinary size, it will generally suffice to compute for 
degrees only. Whence the following 

RULE TO DEGREES ONLY, 


Maultiply the spherical excess in degrees by 0.004,363 and the 
result by the square of the diameter for the required area. For greater 
accuracy use—(0.004,363,323. 

RULE TO DEGREES AND MINUTES. 


Proceed as by last rule for degrees. Multiply the spherical excess 
in minutes by 0.000,073, or for greater accuracy by 0.000,072,722. Add 
the results, and multiply their sum by the square of the diameter for the 
required area. 








EXAMPLE I. 

Sum of angles 140° + 92° +68° = 300 ; 300 — 180 — 120° sphe- 
rical excess. Diameter — 30. Answer area of 1° 0.004,363 
Multiply by spherical excess | 120° 

We get 0.523,560 
This multiplied by square of diameter 30= 900 


RER CÉRREER CRE 


Requiredarea = 471.194,000 


, L4 
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À result correct to units. If now greater accuracy be required, it is be 
obtained by taking in more decimals ; thus,say area 1°— 0.004 363,323 
| 120 


0.523,598,760 
900 





471.238,884,000 
EXAMPLE IL. 


The three angles each 120°, their sum 360°, from which deducting 
180° we get spherical excess = 180°. Diameter 20, of which the square 
= 400. 

ADSWEPessoenos sosencosove sos sos so Area to 1°= 0.004,363.323 
180 


0.785,398,140 
400 


314.159,256,000 








EXAMPLE III. 


The sum of the three angles of a triangle traced on the surface of 
the Terrestrial sphere exceeds by (1”’) one second, 180° ; what isthe area 
of the triangle, supposing the earth to be a perfect sphere with a diame- 
ter = 7,912 English miles, or, which is the same thing, that the diame- 
ter of the Terrestrial spheroid or of its osculatory circle at the given 
point on its surface be 7,912 miles. 

Answer. Arer of 1” to diameter 1.— 0.000,001,212,034,202 

Square of diameter 62,598,744 








75.871,818,730,242,288 

Remark.—This unit 75.87 etc., as applied to the Terrestrial sphere, 
becomes a tabular number, which may be used for computing the area 
of any triangle on the earth's surface, as it evidently suffices to multiply 
the area 75.87 etc., corresponding to one second {1”) by the number of 
seconds in the spherical excess, to arrive at the result ; and the result 
may be had true to the tenth, thousandth, or millionth of a second, or of 
any other fraction thereof by successively adding the same figures 
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75.87 etc., with the decimal point shifted to the left, one place for every 
place of decimals in the given faction of such second : the tenth of «a 
second giving 7.587 etc., square miles, the 0.01”—.7587 of a square 
mile, the 0.001"”= .07587 etc., of a square mile, and soon; while, by 
shifting the decimal point to the right, we get successively 10” — 758.7 
square miles, 100” = 7587. etc., square miles, or 1’ = 75.87 X 60 (num- 
ber of seconds in a minute), 1°= 75.87 X 60 X 60 (number of seconds 
in a degree). 


RULE. 


To compute the area of any spherical polygon. 
Divide the polygon into triangles, compute each triangle separately 
by the foregoing rules for triangles and add the results. 


OR, 


From the sum of all the interior angles of the polygon subtract as 
many times two right angles as there are sides less two. This will give 
the spherical excess. This into the tabular area for degrees, minutes, 
seconds and fractions of a second, as the case may be, and the sum of 
such areas into the square of the diameter of the sphere on which the 
polygon is traced, will give the correct area of the propused figure. 


It may be remarked here that the area of a apherical lune or the 
convex surface of a spherical ungula is equal to the tabular number into 
twice the spherical excess, since it is evident that every such lune is 
equivalent to two bi-rectangular spherical triangles of which the angle 
at the apex, that is the inclination of the planes forming the ungula, is 
the spherical excess. 


Remark.—The area found for any given spherical excess, on a 
sphere of given diameter, may be reduced to that, for the same spheri- 
cal excess, on a sphere of any other diameter ; these areas being as the 
squares of the respective diameters. 


The area found for any given spherical excess on the earth’s sur- 
face, where the diameter of the osculatory circle is supposed to be 7912 
miles, may be reduced to that for the same spherical excess where tho 
osculatory circle is of different radius ; these areas being as the squares 
of the respective radii or diameters. 
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BIOGRAPHICAL SKETCH 


OF THE AUTHOR * 


Chevalier Chas. P. F. Baillairgé, MS. 
QUEBEC. 


md) 


The subject of this sketch, who is a Chevalier of the Order of St, 
Sauveur de Monte Reale, Italy, was born in September, 1827, and for 
the past thirty-three years has been practising his profession as an en- 
gineer, architect and surveyor, in the city of Quebec. Since 1856 he has 
been a member of the Board of Examiners of Land Surveyors for the 
province, and since 1875 its chairman ; he is an honorary member of the 
Society for the Generalization of Education in France ; and has been the 
recipient of thirteen medals of honor and of seventeen diplomas, &c., 
from learned societies and public bodies in France, Belgium, Italy, 
Russia, Japan, &c. Mr. Baillairgé’s father who died in 1865, at the age 
of 68, was born in Quebec, and for over thirty years was road surveyor 
of that city. His mother, Charlotte Janverin Horsley, who is still living, 
was born in the Isle of Wight, England, and was a daughter of Lieute. 
nant Horsley, R.N. His grandfather on the paternal side, P. Florent 


* From the Canadian Biograpbical Dictionary and Portrait Gallery of Eminont and Self Made- 
men. American Biographical Publishiug Company, Chicago, New York and lorunto, 1881. 
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Baïllairgé, is of French descent, and was connected, now nearly a cen- 
tury ago, with the restoration of the Basilica, Quebec. The wife of the 
latter was Mille Cureux de St. Germain, also of French descent. 

Our subject married, in 1845, Euphémie, daughter of Mr. Jean 
Duval, and step-daughter of the Hon. John Duval, for many years 
Chief Justice of Lower Canada, by whom he had eleven children, four 
of whom only survive. His wife dying in February, 1878, he, in April 
of the following year, married Anne, eldest daughter of Captain Benja- 
min Wilson, of the English navy, by whom he has two children. 


Mr. Baillairgé was educated at the Seminary of Quebec, but, finding 
the curriculum of studies too lengthy, he left that institution some time 
before the termination of the full course of ten years, and entered into a 
joint apprenticeship as architect, engineer and surveyor. During this 
apprenticeship he devoted himself to mathematical and natural science 
studies, and received diplomas for his proficiency in 1848, at the age of 
21. At that period he entered upon his profession, and for the last seven- 
teen years has filled the post of city engineer of Quebec, is manager of 
its water works, and since 1875 has been engineer, on the part of the 
city, in and over the North Shore, Piles and Lake St. John Railways. 


Mr. Baïllairgé has held successive commissions in the militia, as 
ensign, lieutenant, and captain ; and in 1860, and for several years there- 
after, was hydrographic surveyor to the Quebec Board of Harbour Com- 
missioners. In 1861, he was elected vice-president of the Association of 
Architects and Civil Engineers of Canada. In 1858, he was elected, and 
again in 1861 unanimously re-elected, to represent the St. Louis ward 
in the City Council, Quebec. In 1863, he was called for two years to 
Ottawa, to act as joint architect of the Parliament and Departmental 
buildings, then in course of erection. Interests of considerable magnitude 
were then at stake between the Government and the contractors, claims 
amounting to nearly half a million of money having to be adjusted. In 
connection with his employment by the Government, Mr. Baillairgé 
found, that to continue his services he must be a party to some sacrifice 
of principle, which, rather than consent to, he was indiscreet enough to 
tell the authorities of the time. This excess of virtue was too moral for 
the appointing power and more than it was disposed to brook in an em- 
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ployee of the Government. The difiiculty was, therefore, got over by 
giving Mr. Baillairgé his feuille de route, a compliment to his integrity 
of which he has ever since been justly proud. He shortiy afterwards 
returned to Quebec. | 


During his professional career, Mr. Baillairgé designed and erccted 
numerous private residences in and around Quebec, us well as many 
public buildings, including the Asylum and the Church of the Sisters 
of Charity, the Laval University building, the new gaol, the music hall 
several churches, both in the city and in the adjoining parishes, that of 
Ste Marie, Beauce being much admired on account of the beauty and 
regularity of its interior. The “ Monument des Braves de 1760” was 
erected in 1860, on the Ste Foy road, after a design by him and under 
his superintendence. The Government, the clergy and others have often 
availed themselves of his services in arbitrations on knotty questions of 
technology, disputed boundaries, builders claims, surveys and reports on 
various subjects. 


In 1872, Mr. Baillargé suggested, and in 1878 designed and carried 
out what is now known as the Dufferin Terrace, Quebec, a structure 
some 1,500 feet in length, overlooking the St. Lawrence from a height 
of 182 feet, and built along the face of the cliff under the Citadel. This 
terrace was inaugurated in 1878 by their Excellencies the Marquis of 
Lorne and H.R.H. the Princess Louise, who pronounced it a splendid 
achievement. 

In 1873, Mr. Baillairgé designed and built the aqueduct bridge 
over the St. Charles, the peculiarity about which is that the structure 
forms an arch as does the aqueduct pipe it encloses, whereby, in case of 
the destruction of the surrounding wood-work by fire, the pipe being 
self-supporting, the city may not be deprived of water while re-con- 
structing the frost-protecting tunnel enclosure. 

At the age of seventeen, the subject of our sketch built a double 
cylindered steam carriage for traffic on ordinary roads. 

From 1848 to 1865 he delivered a series of lectures, in the old 
Parliament buildings and elsewhere, on astronomy, light, steam and the 
stean engine, pneumatics, acoustics, geometry, the atmosphere, and other 
kindred subjects, under the patronage of the Canadian end other 
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Institutes ; and in 1872, in the rooms of the Literary and Historical 
Society, Quebec, under the auspices of that Institution, he delivered an 
exhaustive lecture on geometry, mensuration, and the stereometricon 
(a mode of cubing all solids by one and the same rule, thus reducing 
the study and labour of a year to that of a day or an hour), which he 
had then but recently invented, and for which he was made honorary 
member of several learned societies, and received the numerous medals 
aud diplomas already alluded to. 


The following letter from the Ministry of Public Instruction, Russia, 
is worthy of insertion as explanatory of the advantages of the 
stereometricon : 


MINISTRE DE L’'INSTRUCTION PUBLIQUE, 
Saint-Petersbourg, le 314 février 1877. 


No. 1823, 
A, M. BAILLAIRGÉ, 
Architecte à Québec, 


Moxsreus.--[Le comité scientifique du ministère de l’Instruction 
Publique, (de Russie), reconnaissant l’incontestable utilité de votre 
“ Tableau Stéréométrique ” pour l’enseignement de la géométrie en 
général, de même que pour son application pratique à d’autres sciences, 
éprouve un plaisir tout particulier à joindre aux suffrages des savants de 
l'Europe et de l'Amérique sa complète approbation, en vous informant 
que le susdit tableau, avec toutes ses applications, sera recommandé aux 
écoles primaires et moyennes, pour en compléter les cabinets et les 
collections mathématiques, et inscrit dans les catalogues des ouvrages 
approuvés par le ministère de l'Instruction Publique. 


On fera, en outre, des dispositions pour faire venir de l'Amérique à 
Saint-Petersbourg quelques exemplaires de vos éditions, et vous êtes 
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prié instamment, monsieur, d'avoir la bonté d'informer le comité s’il 
n'existe pas quelque part en Europe, un dépôt de vos ouvrages mathé- 
matiques. 


Agréez, monsieur, l'assurance de ma haute considération. 
Le chef du département au ministère de l’Instruction Publique. 


E. DE BRADKEtR. 


And the Quebec Mercury, of the 10th July, 1878, has the following 
in relation to a second letter from the same source : 


It will be remembered that in February, 1877, Mr. Baillairgé 
received an official letter from the Minister of Public Instruction, of St. 
Petersbury, Russia, informing him that his new system of mensuration 
had been adopted in all the primary and medium schools of thst vast 
empire. After a lapse of eighteen months, the system having been 
found to work well, Mr. Baillairgé has received an additionnal 
testimonial from the same source, informing him that the system is to 
be applied in all the polytechnic schools of the Russian empire.” 


Mr. Baillairgé has since that time, given occasional lectures in both 
lauguages on industrial art and design, and on other interesting and 
instructive topics and is now engaged on a dictionary or dictionaries of 
the consonances of both the French and English languages. 


In 1866, he wrote his treatise on geometry and trigonometry, plane 
and pherical, with mathematical tables — a volume of some 900 pages 
octavo, and has since edited several works and pamphlets on like subjects. 


In his work on geometry, which, by the way, is written in the 
French language, Mr. Baillairgé has, by a process explained in the 
preface, reduced to fully half their number the two hundred and odd 
propositions of the first six books of Euclid, while deducing and 
retaining all the results arrived at by the great geometer. 


Mr. Baillairgé, moreover, shows the practical use and adaptation of 
problems and theorems, which might otherwise appear to be of doubtful 
utility, as of the ratio between the tangent, whole secant and part of the 
secant without the circle, in the laying out of railroad and other curves 
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running through given points, and numerous other examples. His 
treatment of spherics and of the affections of the sides aud angles 1s, in 


many respects, novel, and more easy of apprehension by the general 
student, 


In a note at foot of page 330, Mr. Baillairgé shows the fallacy of 
Thorpe’s pretended solution of the trisection of an angle, at which the 
poor man had laboured for thirty-four years, and takes the then 
Government to task for granting Mr. Thorpe a patent for the discovery. 


In February 1874, he visited Europe, and it was on the 15th of 
March of that year that he received his first laurels at the “ Grand 
Conservatoire National des Arts et Métiers,” Paris. 


Mr. Baillairgé lately issued a report on the defects in the mode of 
building iu this province, and recommended the establishment of a Poly- 
technic School for the Province of Quebec, which is now shortly about 
to be opened in the provincial capital under Government patronage. It 
is due to the praiseworthy efforts of the Rev. Brother Aphraates, sup- 
erior of the order of Christian Brothers, and of which institution Mr. 


Baillairgé, it is understood, is to be professor of technology and en- 
gireering. 


Some of Mr. Baillairgé’s annual reports on civic affairs are very 
interesting and instructive; that of 1878, on “the municipal situation,” 
is particularly worthy of perusal. His report of 1872 was more espe- 
cially sought after by almost every city engineer in the Canadas and 
United States, on account of the varied information it conveyed. It may 
also be remembered, as illustrative of the versatility of his talent and of 
his humoristic turn of mind, that a comedy, “Le Diable Devenu Cui- 
sinier,” Written by him in the French language, was, in 1873, played in 
the * Music Hall” and again in the “Salle Jacques Cartier,” Quebec, 
by the Maugard Company, then in the city, to the great merriment of 
all present. 


Nor will the members of “Le Club des 21” composed as it is of 
the literati, scientists and artists of Quebec, under the presidency of 
the Count of Premio Réal, Consul-General of Spain for Canada, soon 
forget how, in March, 1879, Mr. Baillairgé, in a paper read at one of the 
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sittings of the Club, around a well-spread board, successively portrayed 
and hit off the peculiarities of each and every member of the club, and of 
the count himself, while at the same time doing full justice to the 
abilities of all. 


Mr. Baillairgé is a close and industrious worker, devoting fourteen 
hours out of the twenty-four to his professional callings, and again rob- 
bing the night for the time to pursue his literary and sientific pursuits. 


In politics, if he may be said to have any, he his inclined to Liber- 
alism, but he is of too independent a character to be tied to a party, 
preferring to treat each question on its merits, irrespective of its pro- 
moters. 


The subject of this sketch is brother to G. F. Baillairgé, Deputy 
Minister of Public Works of the Domiuion, and grand nephew to Frs. 
Baillairgé, an eminent painter and sculptor “ de l’Académie Royale de 
Peinture et Scupture, France” who carved some of the statues in the 
Basilica, and whose studio in St. Louis Street (the quaint old one story 
building, now Driscolls livery stable) was at that time so often visited 
by Prince Ewderd, Duke of Kent, father of Queen Victoria, during his 
sojourn in Quebec. | 


A portrait of Mr. Baillairgé, but which, however, does not do him 
justice, accompanied by a brief biographical notice, appeared in L'Opin- 
ion Publique, of the 25th April 1878. The Rivista Universale, of 
Italy, also published his portrait and a biographical sketch of Mr. Bail- 
lairgé’s career, in February of 1878. 


… ÀAÛ 


Since the above was edited, in 1879, Mr. Baillairgé has been the 
recipient of the following additional testimonials : 


Royal Canadian Academy of Arts. 
Grenville St., Toronto, Jan. 7th 1880. 


DEAR SIR, 

I am commanded by His Excellency the Governor General (Mar- 
quis of Lorne) to inform you that he has been pleased to nominate you 
as an associate of the New Canadian Academy. 

(Signed), L. N. O’BRIEN, 


President. 





Royal Society of Canada. 
Montreal, March 7th 1882. 


SIR, 


I have the honor to intimate to you by request of the Governor 
General (Marquis of Lorne,) that His Excellency hopes you will allow 
yourself to be named by him as one of the twenty original members of 
The Mathematical, Physical and Chemical Section of the New Literary 
and Scientific Society of Canada, the first meeting of which will be held 
at Ottawa on the 25th of May. Should you accept be good enough to 
state what work you wish associated with your name. 


I have the honor to be 
Sir 
Your most obedient, 
I STERRY HUNT, 


President of the Mathematical, Physical & Chemical Section. 
C. Baillairgé, Esq. 
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Hôtel du Gouvernement, 
A Monsieur le Chevalier Baïllairgé, Québec, 
Mon CHER MoNsIEUR, 


Je vous prie d'accepter mes sincères remerciments pour l'envoi que 
vous m'avez fait d’une série complète de vos œuvres scientifiques, ainsi 
que du volume de la “ Galerie ” où se trouve votre biographie et votre 
portrait. J'ai été très sensible à cette attention de votre part; vos 
travaux et votre réputation qui s’est fait jour même en Europe font 
honneur, permettez-moi de vous le dire, à notre patrie et à la nationalité 
franco-canadienne. Notre jeune pays compte encore peu d'illustrations 
dans le monde de la science, et il doit être d'autant plus fier de ceux de 
ses enfants qui attirent sur eux l'attention des hommes dont l'opinion 
fait autorité. 


Veuillez accepter ma photographie et agréer, Monsieur le Chevalier, 
l'hommage de la parfaite considération avec laquelle j'ai l'honneur d’être, 


Votre obéissant serviteur, 


THÉODORE ROBITAILLE, 
Lieutenant-Gouvertieur de la Province de Québec, 





În July 1882 Mr. Baillairgé was unanimously elected president of 
the newly incorporated body of Land Surveyors and Engineers of the 
Province of Quebec. 


Hotel du Gouvernement. 
Québec 18 juin 1877, 
MoNsIEUR, 


Permettez-moi de vous offrir mes remerciments pour l'envoi que 
vous m'avez fait de votre ouvrage “ Traité de Géométrie et de Trigono- 
métrie qui vous fait tant d'honneur ainsi qu’à notre pays. 


Comme président de la Commission Canadienne à Philadelphie j'ai 
eu occasion de faire examiner votre tableau stéréométrique par les 
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représentants de la Grande-Bretagne, de la France, de l'Allemagne, de 
la Russie, de l'Espagne, du Portugal, de l'Italie et, à une seule exception 
il était connu et hautement apprécié par eux tous. 


Monsieur Lavoine, Ingénieur des Ponts et Chaussées, que je connus 
à Philadelphie, où il avait la direction de l’exposition des modèles des 
Travaux Publics de France, m'en parla alors, de même que durant une 
visite qu'il me fit à Ottawa, l’automne dernier, de la manière la plus 
flatteuse pour vous et pour les Canadiens. 


Je suis heureux, Monsieur, de ces témoignages qui vous honorent 
et de savoir que vos travaux, tant de fois couronnés dans notre pays et 
à l'étranger, viennent de l’être encore à l'Exposition Universelle de 1876 
à Philadelphie. 

Je demeure, 
Monsieur, 
Votre obéissant serviteur, 
L. LETELLIER. 


Lieut.-Gouverneur de la Province de Québec. 


Monsieur C. Baillairgé, 
Ingénieur Civil, Québec. 


Hotel du Gouvernement. 
Québec, 18 juin 1877. 


Mon cHER MONSIEUR, 


S'il vous était possible de passer à mon bureau, j'aurais le plaisir de 
savoir que vous consentez, à entrer dans le cercle des Auteurs Cana- 
diens, dent je désire m’entourer intimement, de temps à autres à Spencer 
W ood. 

Bien à vous, 
L LETELLIER, 

M, C. Baillairgé, Québeo. 
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La vieille cité a dépouillé plu- 
sieurs de ses traits distinctifs d'au- 
trefois. Sa physionomie est changée. 


Les anciennes portes de ville, ces 
barrières au commerce et que les 
habitants des faubourgs étaient ve. 
nus à regarder comme un cordon 
de séparation sociale, ont enfin cédé 
le pas devant la marche utilitaire et 
envahissante des temps modernes. 


La ligne droite est venue se substi 
tuer aux courbes stratégiques, qui 
de la rue StEustache à la porte St- 
Louis, reliaient la rue de même 
nom à la Grande Allée. 


Une no'ivelle et plus vaste entrée 
dans la ville existe maintenant en cet 
endroit, flanquée d’une poterne 
où les piétons peuvent passer sans 
courir le risque comme autrefois de 
se faire broyer les os entre les roues 
des voitures et les murailles des 
portes. Le toutest surmonté d'une 
tour, de murs crénelés, qui rappel- 
lent notre ancien prestige militaire. 


Sous les soins du Gouvernement 
fédéral, propriétaire du clos de l’an- 
se (Covefield) la Grande Allée s’est 
élargie de quelque 30 pieds de ce 
côté. Le gouvernement Local, à son 
tour, vient d'ériger sur cette grande 
voie de communication, les nou- 
veaux édifices parlementaires, dé- 
partementaux : immense bloc en 
pierre de taille à trois étages, rez- 
de-chaussée et mansardes, surmon- 
té sur les flancs, de hautes et élé- 
gantes toitures, et dont la façade 
principale donnant sur la ville, est 
terminée par une tour s'élnvant 
dans les airs. 


Cette bâtisse, comme la nouvelle 
cour de justice, sur le site de l’an- 
cienne, rue St-Louis, et par les mè- 
mes architectes : Taché, Lesage, 
Gauvreaa, Delorme, Cousin, Gauvin 
et al., fait honneur à ceux qui en ont 
préparé les plans et rédigé les de- 
vis. 

Le gouvernement Féderal a dis- 
trait du clos de la tour une large li- 
sière qu'il a concédée en emplace- 
ments. Des citoyens distingués, les 
Langelier, Shehyn, Hatch, Hamel, 
Garneau, Joseph, Bilodeau, Roy, 
Turcotte Duquet et autres, y ont 
érigé d'élégantes résidences. 


faisant face aussi sur la grande 
allée, mais à l’intérieur du champ 
de l’anse, se construit une vaste 
bâtisse pour lesexercices militaires. 
Get édifice dû au erayon de MM. 
Fuller et Taché, fera à l’intérieur 
(salle de 100 sur 200 pieds) un ma- 
gnifique effet quand l'on se sera dé- 
cidé à substituer à la sérié d’en- 
traits en bois de la toiture et qui 
vont donner à cette immense salle 
l'air d’être plafonnée à ras de terre, 
des tirants avec le reste de la char- 
peuterie du comble en fer et acier 
au lieu de bois ; et Québec qui con- 
tribue 815,000 au fonds de cons- 
truction a droit d'exiger dans les 
intérèts de tous, une toiture indes 


tructible sur une pareille bâtisse. 


De plus, pour la faire mieux paraî 
tre et déja elle est de deux pieds 
plus en dehors du sol qu’elle ne 
devait l'être, il faudra nécessaire- 
ment que le gouvernement fasse 
niveler entre la grande Allée et la 
bâtisse, l'avenue qui y conduit ; 
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sans quoi la moitié de 14 hauteur 
de la façade va se trouver dérohée 
à la vue. 


Quand la corporation aura don- 
né suite à son projet d'opérer l’é- 
largissement de la chaussée du 
chemin St Louis sur sa. longueur 
de près de 5000 pieds entre la porte 
et la barrière à la limite Ouest de la 
Cité ; quand elle l'aura pavée, 
comme le veut l'ingénieur de la 
Cité, comme on le fait aujourd’hui 
à Toronto et ailleurs, en indestruc- 
tibles blocs ronds d’épinette rouge : 
pavé de luxe, sans bruit, sans pous- 
sière ; quand le clos de l'anse sera 
devenu un parc comme il est en voie 
de l'être ; qu’on y aura tracé des 
sentiers, établi des pièces d’eau, 
des fontaines, des voies de commu- 
nications ; fait le trottoir qui au 
sommet du rocher doit flanquer les 
murailles de la forteresse entre le 
bastion dn Roi et les vieilles forti- 
fications françaises au haut du cap 
Diamant ; lorsque après avoir laissé 
sa voiture au vieux Château St- 
Louis (aujourd'hui l’école normale 
Laval) l’on aura traversé Ia ter- 
rasse nouvelle, franchi l'escalier 
qui de son extrémité Sud-Ouest 
conduit aux glacis des fortifications, 
longé la forteresse par le sentier 
dont on vient de parler, pour reve 
nir à 4000 pieds plus à l'Ouest re- 
prendre sa voiture à l’autre extré- 
mité de la citadelle, à une hauteur 
de 330 pieds audessus du St-Lau 
rent ; pour alors parcourir le parc, 
ses accidents de terrain, ses surpri- 
ses ; c'estalors que les quartiers 
St Louis et Montcalm offriront à 
nos citoyens, comme aux étrangers 
des attraits quelque peu accentués. 


L'ancienne porte St Jean, on s’en 
rappelle, a fait place à celle plus 
spacieuse, plus commode pour les 
voitures et les piétons, u'on 
voit aujourd’hui,a double chaussée, 
doubles poternes ; mais nos conci 
toyens ne seront satisfaits que 


quand ils auront vu disparaître 
cette antre barrière entre la ville et 
les faubourgs, pour la remplacer 
par un simple tablier qui, en fer, en 
acier, au sommet des ramparts, ou 
par une toiture arquée en pierre de 
taille comme aux portes Kentet St 
Louis—sorte de pont d'une seule 
baie—viendra continuer la prome- 
nade au haut des murailles sans 
aucunement nuire à la circulation 
au niveau de la rue St Jean. 


Entre les portes St Louis, St 
Jean, se trouve la nouvelle porte 
Kent qui relie maintenant par la 
rue St Patrice les rues Dauphine et 
St Eustache, et dont la Princesse 
Louise posa en 1878 la pierre fon- 
damentale sous l'administration de 
son époux le marquis de Loyne, 
alors gouverneur général du Cana 
da. Son Attesse Royale donna à 
cette porte le nom de Kent, celui de 
son royal aïeul, père de la Souve- 
raine régnante Victoria,du royaume 
uni de la Grande Bretagne, 


Ces trois portes de ville, St-Louis, 
Kent, St Jean, ont encore pour 
quelque peu leur raison d’être de 
ce côté, comme reliant entre elles 
les sections consécutives des ram- 

arts entre la Citadelle au Sud et 
es Casernes des Artilleurs au Nord, 
aujourd'hui la cartoucherie ; mais 
pour ce qui est des trois autres 
vieilles portes, celle du Palais, les 

ortes Hope et Prescott, elles sont 
à jamais disparues, leur utilité 
étant d’ailleurs plus que conpromise 
de nos jours où les moyens d’atta- 
que ont entièrement changé la face 

es choses et rendu inutiles ces 
sortes d'écrans qu'un seu projectile 
peut mettre en pièces à une distan- 
ce d:9 à 10 milles. 


La ville a encore quelque peu 
changé d'aspect sous d’autres rap- 
ports et cela depuis les dix dernières 
années : l’on y a fait des améliora- 
tiors indispensables à son commer- 
ce ; entre autres, la nouvelle ru 
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Dalhousie qui, sur une longueur de 
: 2000 pieds, largeur 53, court paral- 
lëlement à la rua St Pierre et à 
l'Est de cette dernière depuis la rue 
* Sous le Fort au Sud jusqu’à la 
douane et rivière St Charles au 
Nord ; la rue St André, de 64 pieds, 
allant d2 l'Est à l'Ouest, de la 
Douane au Palais, parcours de 3000 
pieds. 

Sous le maire actuel, Hble. F. 
Langelier, le conseil de ville a vo- 
té les fonds nécessaires pour don- 
ner suite aux projets de son ingé- 
nieur : celui de racheter par une 
pente douce.entre les rues Dauphine 
et St Jean, par la rue D’Youville, 
l'acclivité par trop alrupte de la 
rue Dauteuil, lHble M. Hearn 
ayant à cet effet cédé un terrain à 
la ville pour y prolonger d’Youviile 
-— autrefois St François — de St 
Joachim au marché Montcalm 


L’acclivité infranchissable au 
has de la rue Sutherland a été ren- 
due praticable par la construction 
d'un plan incliné en maçonnerie, 
puis on a relié par la nouvelle côte 
dite ‘de la négresse ”, les quar- 
tiers St Jean et Jacques Cartier, en- 
tre les rues Richmond et Arago. 
Puis il y a encore à relier les rues 
Ste Julieet Artillerie à l'avenue 
Dufferin ; la rue St Cimon à la rue 
St Jean à travers le vieux cimetière 
de l’endroit; la rue St Jean, en de- 
dans des murs,à élargir et quelques 
autres améliorations en voie d'exé- 
cution. 


Les grands feux de 1876, 1881 ont 
eu pour bienfaisant résultat la subs- 
titution de la pierre, brique et mé 
tal au.bois, dans [a reconstruc- 
tion des maisons incendiées des 
quartiers Montcalm et St Jean. Il 
y a plus de goût qu'autrefois : nos 
Jeunes architectesCharest,Tanguay, 
Stavely, Berlinguet et autres, sont 
allés s'inspirer aux Etats-Unis et à 
l'étranger, à Montréal même, du 
génie de l’art des constructions 


nouvelles ; l'Université Laval, Île 
Séminaire de Québec, se sont agran- 
dis de nouvelles et superbes cons 
tructions en pierreeten fer dont 
M. Peachy a été l'architecte ; une 
nouvelle et élégante église, due au 
dessin du même architecte, s’est 
substituée à l’ancienne église St 
Jean par trop écrasée et enfoncée 
dans le sol, et que le fen de. 1881 
avait détruite ; l’église St Mathieu, 
dont la nefa été rebâtie à neuf,sous 
l'architecte Stavely, estaujourd’hui 
surmontée d’une flèche pyramidale; 
nos institutions de bienfaisance 
ont pris du développement : les 
Sœurs de Charité, le Zadies’ Protes. 
tant Home, le St-Bridgil's asylum ; 
une vaste maison de réforme, rue 
Ste Amable, est venue complèter 
l'établissement des Sœurs du Bon 
Pasteur ; enfin'les Ursulines aussi 
se sont étendues. 


De nouvelles manufactures ont 
surgi : celle des Pion, mégissiers— 
Cousin architecte—sur les bords du 
St Charles, celles des lainages à la 
Pointe aux Lièvres plusieurs autres, 
et notre cordonnerie est en pleine 
activité dans les vastes ateliers affec- 
tés à cette industrie par MM. Bresse, 
Mignier, Botterell, Woodley, Ro- 
chette et autres. 


Nos rues se sont améliorées de 
nouveaux trottoirs et de chaussées 
gravées, empierrées, macadamisées, 
pavées. Un joli escalier en fer a 
remplacé la vieille rampe en bois 
de la rue St Augustin à la rue St 
Valier, au coteau Ste Geneviève. Il 
reste à faire une autre construction 
de ce genre pour remplacer, l’année 

rochaine, l'escalier en bois reliant 
st Jean à St Roch, entre les rues 
de la Couronne et Ste Clair, par un 
escalier en fer et acier rachetant Île 
niveau entre la rue St Vallier et le 
haut du côteaun Ste Geneviève en 
cet endroit. 


Les plans sont préparés, les sou- 
missions demandées pour un troi- 
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sième escalier qui, du haut des 
ramparts, à l'endroit de la batterie 
St Charles, relierait la rue Hébert, 
à la rue St James, aux rues Sault 
au Matelot et St Pierre, facilitant 
l’acrès des citoyens aux banques et 
à la Douane par la rue Couillard, à 
laquelle ce traffic donnera du déve. 
loppement, et évitant en même 
t-mps un détour d’un quart de mille 
et une montée et descente de 50 
pieds par les res de la Fabrique et 
Lamontagne 


Les plans sout anssi à l'étude 
pour un élégant escalier spirale 
eu fer et acier devant conduire de 
l'extrémité sud de la terrasse Duf- 
ferin à la rue Champlain située à 
150 pied au-dessous et tout près 
du bureau de Allan Rae, au quai 
des bateaux océaniques de la ligne 
de ce nom. : 


Québec est aujourd'hui et déjà 
depuis quelques aunées relié par 
voies ferrées à Montréal et aux 
Etats-Unis. Elle est sur le parcours 
dc deux grandes voies de chemin 
de fer: l’'Intercolonial. de 600 milles, 
qui nous donne accès aux provin- 
ces maritimes de l’Atiantique ; le 
Pacifique, de 3000, qui nous relie à 
l'Océan de même nom et à la (Co. 
lombie Anglaise, en franchissant 
les Montagnes Rocheuses. La gare 
est au Palais,et un embranchement 
d’un mille en longeur conduit de 
là à l'eau profonde du St Laurent, 
en longeant la magnifique jetée en 
pierre de taille de plus de 4000 
pieds de longueur, qui forme le 
côté Nord des nouveaux bassins 
auxquels la Princesse Louisse a 
donné son nom, lorsqu'elle a si gra- 
cieusement consenti à en poser la 
pierre fondamentale. 


Nous avons aussi le chemin de 
fer du lac St Jean déjà construit 
pour quelques 80 milles au Nord 
de Québec ; ce chemin nous unit à 
StRaymond et va nous donner en- 
tin le ‘ back country ”, comme l'on 


dit en anglais, dont on a liant be 
soin. Ce chemin du lac St-Jean va 
offrir aux touristes des sites, des 
paysages tout nouveaux, des lacs 
abondant en truites, une route pour 
atteindre et chasser le caribou, 


_l'orignal ; des richesses minérales 


et forestières qui feront le délice 
des naturalistes. des botanistes et 
des géologues. Il sera terminé jus- 
qu’au lac en 1888, autre distance de 
100 milles, et 30 nouvelles paroisses 
vont de suite surgir sur un par- 
cours pittoresque comme le St 
Maurice, le Saguenay, le long de la 
Batiscan, du Lac Edouard, et des 
rivières qui, de Ia hauteur des 
terres, se déversent du côté du lac 
St Jean. 


Parmi les améliorations en voie 
de progrès, 1l en est une autre qu’il 
ne faut pas passer sous silence : Je 
veux parler du boulevard de 3000 
pieds sur uue largeur de 108 qui 
divise Québec de St Sauveur. Ce 
boulevard, rue St Ours, inauguré 
en 1883,le jour de la fête des arbres, 
par l'hon. M. Joly. et qui doit por 
ter le nom de notre maire actuel, 
l'hon. Frs. Langelier, formera, par 
les onze rues qui l'intersectent de 
l'Est à l'Ouest, autant de parcs sé- 

arés à l'usage des citoyens de ces 
ocalités et du public en général ; 
pour les visiteurs une voie de pro- 
menade et de communication entre 
St Roch et le Mont Plaïisant par la 
nouvelle côte maintenant en voie 
d'éxécution : voie d'agrément par 
conséquent tout autour de la ville 
par les rues St Valier ou St Joseph, 
St Jean ou St Louis. 


Pour comprendre ce que sera ce 
boulevard dans une année d'ici, il 
y a à voir la partie initiale du bou- 
levard Lansdown qui, de la Grande 
Allée, doit se continuer au Sud-Est 
à travers le clos des tours Nos 1 et 2 
jusqu’à la cime du cap en face le 
fleuve, sur uu parcours de 2000 
pieds. La largeur du boulevard par- 
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tagée en deux trottoirs de 12 pieds, 
avec rangée d'arbres de part et 
d'autre, deux chaussées gravées et 
carossables de 22 pieds et au centre 
un quinconce de 40 picds, égale. 
ment bordé d'arbres le long des 
chaussées. 


Oui, la ville change de physiono: 
mie : On ne la reconnaitra plus dans 
quelques années. St Roch en est 
devenu la métropole commerciale, 
où les Pâquet,les Laliberté, les Tur- 
cotte et Provost,les Dubeau, Fortin. 
Dion, Beaubien, Angers, Brunet et 
une foule d’autres ont érigé de 
splendides bâtisses, brillamment 
éclairées,le soir.à l'électricité. A la 
hasse-ville, les blocs Lemesurier, 
Renaud, Hamel, Thibaudean, Car 
rier, les nouveaux magasins d'en- 
trepôt du gouvernement fédéral ; 
à [a haute-ville, le bureau des pos- 
tes, les nouveaux magasins de Ren 
frew, Lavigne, Bernard et Allaire ; 
l'hospice de la maternité, par l'ar- 
chitecte Ouellet. 


Le bloc Trudel, au faubourg St 
Jean, avec les jolies résidences nou- 
velles sur la rue St Jean, au Mont 
Plaisant, celles de (Garneau, l'Eche- 
vin Delisle, Fontaines, Masson et 
autres au quartier Montcalm : la 
nouvelle école des arts et métiers, 

ar l'architerte Peachy, rue St. 
Joachim. 


Nous avions à Québec quatre rues 
St Francois, trois St Joseph, quatre 
St Pierre, trois D’aiguillon, deux 
St James, et autres répétitions fort 
nuisibles à notre in Lelligence itiné- 
raire. Nous avons profité de cela 
pour, en les rebaptisant, commé- 
morer le souvenir de no: houwurmes 
de lettres et autres. 


Aujourd'hui, la rue St François, 
sur le cap, est la rue de Brébaœuf, 
physionomie historique pour nous. 

t Francois, au faubourg St Jean, 
est devenue d’Youville ; la ruc de 
mème nom, au quartier da Palais, 


\ 


est devenue la rue Ferland ; St Jo- 
seph, Garneau ; Daiguillon, Charle- 
voix ; des Caserres, Christie. 

L'une des quatre rues St Pierre 
porte aujourd'hui le nom de Racine, 
une autre Blanchet, la troisième 
Lallemant ; St Antoine, à St Roch, 
est aujourd’hui la rue Charest ; St 
James, au quartier Montcalm, est 
changée en O'Connell ; Ste Hélène, 
quartier Palais, en McMahon; 
Daiguillon, au mème quartier, est 
devenue Elgin. Nous avions la Croix 
et Ste Croix traduites toutes deux en 
anglais par Cross ; à l’une d'elles, 
Ste Croix, an quartier Montcalm, 
nous avons substitué Conroy. De la 
rue St Joseph au quartier St Jean, 
nous avons fait Madeleine. Ge nom 
avait alors sa raison d'être, mais il 
n'existe plus, parait-il, de Madelei- 
nes dans cette rue, le changement 
du nom ayant appareminent eu 
l'effet de les convertir toutes aux 
bons sentiments de la Madeleine 
d'autrefois. L'une de nos rues Dal- 
housie, celle du quartier St Roch. 
est changée aujourd’huien Daulac, 
et pour ne pas perpétuer le nom de 
Crais, on appelle tout simplement 
cette rue la rue du Pont, parce 
qu'elle mène au pont qui relie 
Québec au côté Nord de {a riviere 
St Charles. 

Maintenant, avez: notre port, l’un 
des plus beaux et des plus vastes du 
monde entier, avec un hôtel de pre- 
nuére classe, que se proposent, dit- 
on, de nous ériger MM. Spaulding, 
Ross, Thomson, Turcotte, Hamel, G. 
Irviue, C. R., juge de la Cour de 
Vice-Amirauté, Wim Rae et autres 
sur le site du terrain Symes, en face 
le jardin du gouvernement et le fleu- 
ve St Laurent ; peut être un second 
sur un autre site superbe, celui de 
l'arcien parlemen! donuant aussi 
vue sur le fleuve ; avec un Hôtel 
de Ville digne de Québec, érigé sur 
le site des anciennes casernes des 
Jésuites, et un magnifique jet d'eau 


— 8 — 


sur la place de la Basilique; avec 
notre superbe terrasse Dufferin, de 
1500 pieïs de longueur, regardant 
le fleuve d’une hauteur de 18? pieds, 
dont Lord Dufferin posa la première 
pierre en 1879, et dont la Princesse 
Louise, en l’inaugurant avec le Mar- 
quis de Lorne, a dit au soussigné, en 
lui serrant la main, eu le félicitant 
de son œuvre, que c'était la plus 
belle promenade du monde; avec 
les élévateurs et magasins d'entre- 
pôt, les hangars à grain, le trafic 
que nous promet M W. C. Van 
Horne, gérant du chemin de fer du 
Pacifique, anjourd'hui amalgamé 
au chemin de fer du Nord ; son ter- 
minus à Québec, avec un pont au 
Cap Rouge, ou des bateaux traver- 
4siers à chemin de fer devant ja ville; 
avec un vice-roi à la citadelle, et une 
petite armée pour faire revivre notre 
prestige militaire; enfin, avec la 
ville illuminée à l'électricité, et 
l'apparence quasi féérique qu’elle 
ne saurait manquer de présenter le 
soir, les lumières pyramidant l’une 
au dessus de l’autre tout autour du 
promontoir sur lequel la ville est 
bâtie; tout cela, ses souvenirs his- 
lLoriques, ses promenades du (Cap 
Rouge, des lacs Beauport et S‘ 
Charles, du Sault Montmorency, 


de Lorette, Laval, elc.; cette déli- 
cieuse route de la côte de Beaupré 
qui, au pied des Laurentides, nous 
mène à Ste Anne, où lous ceux qui 
ont la foi peuvent voir guérir leurs 
maux, exaucer leurs. demandes: 
l'hygiène nous venant avec Fair le 
plus pur que nous respirons à pleins 
poumons, avec l’eau également 
pure que déversent partout les mil- 
liers d’artères d’un aqueduc le plus 
puissant, le plus utilitaire du 
monde,en rapport avec nos besoins 
et le chiffre de notre population; 

uis les débris, les déchets emportès 
à flots d’eau vers la riviere par un 
système d'égoûts qui ne laisse rien 
à désirer, purgeant ainsi la ville. 
comme le système veineux le corps 
humain ; enfin avec la santé rayon 
nant sur tous les visages, Québec, la 
ville des plus belles femmes de 
l'Amérique, ne saurait manquer 
d’attraits pour tous ceux qui sont à 
la recherche du bonhenr. 


CHS. HAILLARGÉ, A. M. 


N.B.—Pour mille etfun autres 
items d’intérèt ayant trait à la ville 
de Québec et ses environs: voir les 
publications successives de J. M 
LeMoine, ecr., membre de Ja 
Societé Royale du Canada. 


l Pre fre Pb 4 Prat 


RER ne 


5 





MR. BAILLAIRGE 
M Ingénieur de lu Cits 
5EME pp 


CHEMIN DE FER 
l QUEBEC & LAC ST. JEAN : 
) 


AU NORD DE û 
ST. RAYMOND 4 
o) 


Québec, 18 Décembre 1885. 


QUÉBEC : 
GEORGES VINCENT, IMPRIMEUR DE LA CITÉ À 





om" 


RAPPORT 


DE 


M. BAILTAIRGE 


Ingénieur des ponts et chaussées de la Ville de Québec, sur la 5ième 
section de dix milles du chemin de fer “Québec et Lac St. Jean.” 
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Cette section commencée à 40 milles au Nord de St. Raymond, au 
piquet 3743, se termine à 50 milles du même point ou à 86 milles 
de Québec. 


Le Conseil de ville aura donc la satisfaction d'apprendre au- 
jourd’hui que la moitié du chemin est terminé, puisque son parconrs 
total est de 170 milles, dont la moitié est 85. 


Accompagné de A. L. Light Ecr. membre de l'institution des In- 
génieurs Civils d'Angleterre, de la part du Gouvernement Provincial ; 
de M. Hoare, ingénieur en chef du Contracteur Beemer, et de son 
gérant A. Cressman, et autres, nous sommes arrivés sur les deux heu- 
res, hier le 17 du courant, au point de départ de notre inspection, à 
un demi-mille en deçà du confluent des rivières Batiscan et Mikouik, 
situé dans une jolie vallée, site d’un futur village de l'étenduo de 
celui de St. Simon, qu'ont dû voir Son Honneur le Maire, Hble. F. 
Langelier, les Echevins et Conseillers du conseil de ville de Québec, 
lors de leur voyage d'inspection en Novembre dernier. 


Nous sommes ici à une hauteur de 880 pieds au-dessus du St 
Laurent et poursuivons notre route entraînés par l'engin locomo- 
teur “ Beaudet ” dans un wagon où rien ne manque au comfort de 
l’Assistance. 
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La route longeant la Batiscan, comme elle le fait déjà depuis le 
3éième mille à partir de St. Raymond, nous continuons à monter 
jusqu’à nons trouver, au 50ième mille, à une hauteur additionnelle 
de 150 pieds au-dessus du point de départ de la Section, et par con- 
séquent à 1030 pieds au-dessus du niveau de la mer à Québec. 


Les rampes ou acclivités qui, plus au Sud, atteignent quelque- 
fois de 2 à 2k par cent ou de 106 à 132 pieds au mille, ne dépassent 
point sur le parcours actuel, 147 ou 79 pieds au mille : la plus lon- 
gue n'étant que de 2000 pieds entre les stations 3830 et 3870 et il n'y 
en a que deux autres dans la direction ascendante, ou “ contre traffic 
léger ” l’une de 1000 pds, l'autre de 600 pieds; pendant que 
dans la direction descendante, ou du Nord au Sud, ‘“ contre traffic 
lourd. ” il n'y en a que deux de même pente : l'une de 1400 pieds, 
l'autre de 600 pieds, les autres rampes variant de 1710 à 11 7 ou de 
13 à 66 pieds au mille. Sous ce rapport donc, cette section est su- 
périeure à celles déjà rapportées. 


Comme je l'ai déjà dit dans mes rapports sur les sections précé- 
dents, les courbes sont nombreuses et elles ne sauraient ne pas l'être, 
dans un chemin qui s'avance entre les sinuosités plus ou moins 
prononcées d'une rivière à bords escarpés ct les flancs précipités des 
montagnes avoisinantes ; mais, de courbes un peu accentuées, il n'y en 
a que trois de 8 degrés, la limite permise par {a loi ayant trait aux 
chemin de fer du Lac St. Jean ; les autres sont, une de 70, trois de 
60, huit de 40, six de 30, et en diminuant ; le nombre total de ces 
courbes étant de 35 sur le parcours total de la section. 


Les terrassementssont nécessairement faits sur le trajet entier des 
10 milles, puisque les rails y sont posés et que de fait, comme je l'ai dit, 
nous avons parcouru la distance totale dans un char mu par une lo- 
comotive. Les sleepers, les rails d'aciers sont posés en permanence 
sur toute la voie, sauf quelques centaines de pieds où les ouvriers du 
contracteur étaient activement employés à les assujcttir. 


Le ballastage n’est pas encore tout fait et ne saurait se faire 
avant la saison prochaine, lorsque les affaissements de la tombe l’au- 
ronut consolidée au point de ne pas permettre que des refoulements 
subséquents viennent motiver des dérangements futurs de la voie 
permanente. 


De massifs piliers en larges blocs de granit, taillés sur les arrè- 
tes et lits et posés de rang à face brute (rock-face) sur une hauteur 
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de 12 pds. au-dessus des eaux, attendent les poutres en acier qui 
doivent servir à recevoir le tablier également en acier, du pont 
qui doit franchir la rivière MiKouik déjà mentionnée. Ce pont est 
en voie d’être transporté sur les lieux et sera complété sous quelques 
semaines, probablement avant la fin de l’année qui va finir. Sur cette 
section où les terrassements sont moins hauts qu'ailleurs, les ponceaux 
(culverts) sont généralement en boïs, sauf aux endroits où, dans des 
eavées plus profondes, le coût augumenté de les refaire plus tard, à 
cause de leur plus grande longueur et du surplus de terre qui les re- 
couvre, à moitivé des structures en pierres de fortes dimensions réu- 
nies au ciment de Portland. 


Il n’est guère besoin de répéter ici ce que j'ai déjà dit dans mes 
rapports passés sur les traits économiques du pays traversé. Ilya 
certainement près du chemin peu de terrain qui soit très propre à 
l’agriculture, sauf pour avoine, sarrazin et pommes de terres qui réus- 
sissent fort bien en sol sableux et même sablonneux. 


Les bois de commerce sont assez abondants à une faible distance 
du chemin et quant aux bois de chauffage, la quantité en provenance 
ne fait que s’accroître à mesure que l'on pénètre dans l'intérieur : les 
arbres y étant de plus gros diamètre, de plus haute futaie, et la pro- 
portion accentuée du bois franc sy muintenant en quantités tou- 
Jours croissantes. 


Le pittoresque du paysage gagne constamment en intérêt. M. 
Beaudet et M. l’arpenteur Sullivan qui nous accompagrnaient et qui 
tous deux voyaient ces parages pour la première fois, se sont accor- 
dés à me dire que tous deux ils avaient douté que ce fût aussi attrayant 
que constaté dans mes rapports précédents ; maïs qu'ils admettaient 
franchement maintenant que ça surpassait en beauté tout ce qu'ils 
avaient pu concevoir. 


M. Light y trouve une ressemblance frappante avec le parcours 
des Pyrénées entre la France et l'Espagne, et deux autres messieurs 
qui faisaient partie de l'assistance, M. le Vicomte de Serizay de Gril- 
lemond et M. Locard de Montolivet qui ont vu le Saguenay, n’ont 
cessé d'exprimer leur admiration des mille et une surprises que 
leur ménageait ce tour charmant parmi nos forêts, nos monta- 
gnes ct collines des Laurentides Leur justesse d'appréciation est 
remarquable et ils ont parfaitement saisi et exprimé toute la diffé. 
rence entre la Saguenay, la Batiscan : l'intérêt croissant dans l’une, 
de Tadousac aux Caps Trinité, Eternité ; décroissant ensuite jusqu’à 
Chicoutimi ;: pendant que la dernière offre une suite non interrom- 
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pue ‘le traits nouveaux, d'aspects grandioses, de surprises de toutes 
sortes se succédant l’une, l’autre sur le parcours entier du chemin. 


Rendus au bout de la section, nous parcourûmes à pied un demi- 
mille à peu près de la ligne sur la section 6 où les travaux se pour- 
suivent en pleine activité et t:ut de même qu’au cœur de l'été, parce 
que c’est un sol qui ne gêle jamais, où qui se consolide assez peu à la 
gelée pour permettre avec la pelle seule, et sans la nécessité du pie, 

"y'faire les déblais voulus. Aussi il y a, à l’heure qu'il est, quelques 
500 hommes employés au déblais avec près de 100 chevaux et 
voitures ; et le printemps n’arrivera point sans que je sois de nou- 
veau appelé à rapporter les progrès alors faits, sur la dernière moitié 
du chemin qui, peut-être, sera poursuivie jusqu'au Lac avant que 
douze mois sc soient ajoutées à l'année actuelle. 


Dans encore deux milles, le chemin va traverser la Batiscan, 
franchir l’île Edouard sur une distance de quelques 15 milles, puis 
encore sauter une seconde fois, la rivière ce. à d. sa branche Nord 
Ouest, pour de là longer ensuite le Lac Edouard en route pour le Lac 
St. Jean. 


Je conclus à ce que le Conseil de ville solde de suite à la Com- 
pagnic sa part afférente de l'octroi de 82500 par mille, notre sous- 
crintion au chemin ; car s’il reste encore quelque chose à faire, et 
c'est très-peu, sur la section qui nous occupe, il y a déjà de fait sur la 
section suivante amplement de quoi racheter et davantage ces quel- 
ques détails encore incomplets. 


Pour ce qui est de l'équippement du chemin, il ne fait que s'ac- 
croître. L'assistance y a surtout remarqué deux magnifiques engins 
neufs, l’un du poids de 86,000 livres, le No. 6 connu sous le nom de 
Sir Adolphe : beau, svelte, se mouvant, s’avançant gracieusement sur 
la voie ; l’autre, le Sir Hector, plus courteau mais avec plus d’embon- 
point, plus lourd de 10,000 livres, plus fort. plus puissant Avec 
cela il y a de nouveaux atelicrs à la rivière à Pierre munis de ma- 
chines de toutes sortes, une nouvelle et forte table ou plaque-tour- 
nante et autres appareils devant faciliter, activer et la construction 
du chemin et son exploitation. 


Le public est déjà saisi de l'intérêt croissant manifesté de tous 
côtés à l'achèvement de ce chemin depuis si longtemps commencé et 
qui jusqu’à présent, faute de moyens pécuniaires, n'a pu se poursui- 
vre qu’à pas de nain ; mais espérons que comme j'en ai déjà exprimé 
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l'espoir, la ville de Québec va, si non augmenter son octroi, modifier 
au moins un peu ses conditions de paiement de l'intérêt sur les bons, 
renvoyer à moins loin ce paiement ; que le gouvernement Local va 
enfin céder à la compagnie les 430 mille acres de terres qui lui sont 
aujourd'hui acquises (5000 acres par mille pour les 86 milles de che- 
min déjà fait) ou si non, un équivalant de soit 70 centins à 81.00 
l'acre, au lieu de ces terres que lui assure la contribution du gouver- 
nement ; que le gouvernement Fédéral lui aussi représenté aujour- 
d'hui sur ce chemin en la personne de Sir Hector, Sir Adolphe, com- 
prendra enfin toute l'importance pour Québec de cette voie ferrée, 
qui du Lac St. Jean et du Mistassini va nous relier plus tard à la baie 
James et de là à l’Europe par une voie d'eau qui pour n'être ouverte 
et utile que pendant quatre mois de l’année, n'en aura pas moins d’im- 
portance pour notre commerce de bois et autre; pendant que d'un 
autre côté nous aurons enfin, nous aussi, notre Nord-Est pour tins 
‘de colonisation et autres, comme Ontario à son Nord-Ouest et son 
chemin de fer du Pacitique. 


J’ai dit que l'intérêt dans la prochaine terminaison du chemin 
de fer de Québec au Lac St. Jean va toujours croissant, et de fait le 
jour même de notre inspection, il y avait dans le convoi une nom- 

reuse députation d'hommes marquants, de membres du clergé de 
Québec et de ses environs se rendant à la rivière à Pierre pour les 
fins de la colonisation immédiate de ce pays d'avenir, 


T1 ne reste plus qu’à dire que l’infatigable Cadman, ingénieur en 
chef de la Compagnie, est parti depuis quelque temps avec un parti 
Je 20 hommes pour tracer la localisation finale de ce qu'il reste à 
faire du chemin pour atteindre le Lac. 


CHS. BAILLAIRGÉ, A M. 


Membre de la Société Royale du Canada. Membre de l’Acadé- 
mie Royale des Arts du Canada. Chevalier de l'Ordre de St. Sauveur 
de Monte Reale, Italie—fondé en 1070 par Godefroi de Bouillon— 
Membre de plusieurs Sociétés Savantes au Canada et à l'Etranger. 

énieur, nteur, Architecte. Auteur de plusieurs ouvrages sur 
le toisé, la géométrie, les mathématiques, et d'nne foule de rapports 
sur ponts et chaussées, aqueducs, etc., etc, 


18 Décembre. 1885. 
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INTRODUCTION 


AU 


NOUVEAU SYSTEME DE TOISER 


TOUS ° 


LES CORPS—SEGMENTS, TRONCS ET ONGLETS DE CES CORPS 


‘ PAR UNE SEULE ET MÊME RÈGLE. 


L'auteur du nouveau système a l’honneur de prévenir ses con- 
frères Architectes, Ingénieurs, Arpenteurs, Professeurs de Géométrie, 
de dessin et de Mathématiques, les Directeurs d’Universités, Col- 
léges, Séminaires, Couvents et autres institutions d'éducation, les 
professeurs et élèves des Ecoles des Arts et Métiers et de dessin 
industriel, les Mécaniciens, Toiseurs, Mesureurs, Jaugeurs, Officiers 
de Douane et d’Accise, Constructeurs de navires, Entrepreneurs, 
Ouvriers et autres du Canada et à l'Etranger. 


Qu'il a confectionné son ‘“ Tableau Stéréométrique” afin de ré- 
duire à la pratique sa formule universelle pour trouver le volume 





” AVERTISSEMENT.—Pour protéger son œuvre et en prévenir toute contrefagon, soit 
ici ou à l'Etranger, l’auteur a fait broveter sa découverte, son tableau, tant au Canada, 
qu'aux Etats-Unis et en Europe. 


Li] 


2 LE TABLEAU STÉRÉOMÉTRIQUE. 


d’un corps de forme et dimensions quelconques. C’est au sujet de 
cette formule que le Séminaire de Québec, après l'avoir soumise 
à des personnes compétentes, s'exprime ainsi : ‘“._..Parmi les théo- 
rèmes et les formules remarquables par leur nouveauté, ce qui 
frappe le plus, c’est l'expression générale du volume d’un sulide 
quelconque. Un doute involontaire s'empare d’abord de l'esprit ; 
mais un examen attentif dissipe bientôt ce doute et l’on reste étonné 
à la vue d'une formule si claire, si aisée à retenir et dont l'application 
est si générale.” 

Un article du “ Journal d'Education” parle de l'impulsion sou- 
daine que cette découverte imprime à la science. 

Son système d'exposition, dit un autre journal, est neuf et d’une 
simplicité qui le met à la portée de toutes les intelligences. 


Le tableau dont les dimensions sont d’à peu près 3 pieds de 
hauteur sur 5 pieds de longueur est en bois franc à fond teint ou 
peint de couleur convenable. Fixés à la planche sont quelque 200 
modèles en bois franc polis, et huilés ou vernis à demande. Chaque 
petit modèle s’ajuste à la planche au moyen d’une cheville en fil de 
fer fixée au tableau, et telle qu’on peut facilement en détacher le 
modèle et le remettre à volonté. Le tout est recouvert d’un pan- 
neau vitré qui en exclut la poussière, et que l’on peut ouvrir et fer- 
mer à volonté, avec serrure et clef au besoin. 


Les modèles comprennent à peu près toutes les formes élé- 
mentaires qu'il soit possible de concevoir ou que fourniraient par 
division ou décomposition un corps composé quelconque. C'est ainsi 
qu’on y trouvera tous les prismes et prismoïdes, cylindres et cylin- 
droïdes droits et inclinés, les troncs et onglets de ces corps: pyra- 
mides, cônes et conoïdes droits et inclinés avec leurs troncs et onglets ; 
la sphère avec ses subdivisions en hémisphère, quart de sphère, 
demi-quart ou pyramide sphérique tri-rectangle, calottes ou seg- 
ments, zones, pyramides, troncs et onglets ; le sphéroïde ou ellip- 
soïde allongé ou aplati avec ses segments, moitié, quart, troncs, etc. ; 
enfin, les fuseaux et leurs troncs, etc., y compris les futaillgs de 
toutes sortes, les polyèdres réguliers, anneaux concentrique et ex- 
centrique, et une foule d’autres formes pratiques des plus variées 
mais qu’il serait trop long d’énumérer ici. 

La nouvelle règle ou formule dispense de toute con- 
aidération, de tout caloul préliminaire quant à la nature, 
forme ou dimensions du solide entier dont le volume à 


évaluer fait partie. Ainsi, quand il s’agit de cuber par les règles 
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ordinaires un segment, tronc ou zône de sphéroïde par exemple, on a 
. tout d’abord à s’enquérir des axes du solide pour les faire entrer en 
compte; mais par le nouveau système on procède de suite à évaluer 
la solidité requise en y appliquant directement la formule (A +B +45) 
TH. De même, si l’on croit avoir affaire à un tronc de pyramide par 
exemple, il y a tout d’abord à s'assurer si c’en est un, afin d'y appli- 
quer les règles ordinaires du toisé ; à cette fin, il y a à mesurer les 
longueurs respectives des arêtes des bases supérieure et inférieure 
pour établir ensuite les rapports entre elles et s'assurer par là même 
si elles sont ou non proportionnelles, sans quoi le solide à évaluer 
n’est pas un tronc de pyramide; tandisqu’au contraire par la nou- 
velle formule, il suffit de s'assurer du seul parallélisme des arêtes 
(ce qui se voit d’un coup d'œil et sans mesurage aucun) pour pro- 
céder de suite à l’application de la règle—car, d’après le procédé de 
l’auteur, le tronc de pyramide, réputé tel, est regardé comme pris- 
moïde et soumis par là même à la formule générale, tout comme Ia 
pyramide entière qui est aussi un prismoïde. 

Mais à part toute considération préliminaire sur la 


nature du solide à estimer et des calculs longs et difficiles qu’il 
faut faire à cet effet quand on procède par les règles ordinaires—il 
est à remarquer que les calculs qui restent encore à faire pour trou- 
ver le volume du solide ou liquide dont il s’agit sont pénibles, diffi- 
ciles, longs quelquefois à n’en plus finir, comme quand il s’agit par 
exemple du jaugeage d’une futaille, soit du toisé d’un tronc de fu- 
seau. Ce sont très souvent des formules algébriques, du calcul 
différentiel et intégral et une seule erreur d’impression dans la for- 
mule dont l'intelligence ne peut pénétrer ou suivre les mystérieux 
replis—erreur dont on ne s’aperçoit pas et qu’on ne saurait en con- 
séquence corriger —une seule erreur, de cette sorte est assez pour 
rendre inutile le calcul tout entier et nécessiter de le recommencer ; 
au lieu que par le système maintenant proposé, comme il n’y a 
qu'une seule règle, une seule formule à apprendre et à retenir et 
qu’elle est des plus simples, l'intelligence peut la suivre pas à pas, 
et l’œil même s’apercevoir de suite s’il y a erreur. 

Aujourd’hui, il y a autant de règles diverses que de 
solides : une pour le prisme ou cylindre, une pour la pyramide ou 
le cône, une autre pour le tronc de cône ou de la pyramide, une 
troisième pour la sphère, puis trois autres pour le segment, la zone et 
l'onglet de ce corps, encore une pour le sphéroïde, avec des formules 
additionnelles et en nombre égal pour le segment, le tronc, l’onglet, 
suivant que le plan conpant est parallèle ou incliné au petit ou an 
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grand axe où à un diamètre quelconque du solide. Combien d’autres 
formules différant toujours d’une de l’autre et chacune d'elles de 
toutes celles déjà énumérées, lorsqu'il s’agit d'en venir au volume 
d’un conoïde parabolique droit ou incliné, d’un segment de fuseau 
circulaire, elliptique, etc., d’un onglet de cylindre, de cône, de co- 
noïde ou de fuseau. Eh bien! on peut aujourd’hui mettre de côté 
toutes ces règtes, toutes ces formules variées qu’il est impossible de 
retenir dans la mémoire et pour lesquelles il faut toujours avoir un 
livre à sa disposition ; on peut mettre de côté toutes ces formules 
avec les livres qui les contiennent, et armé du nouveau système 
s'attaquer à un solide quelconque pour en évaluer le contenu à 
l’aide d’une toute petite règle que l’on retient comme son pater, 
savoir: ‘à la somme des surfaces des bases opposées, ajouter quatre 
fois la surface intermédiaire et multiplier le tout par la sixième 
partie de la hauteur du solide. ” 


Le caloul se réduit, dans tous les cas, d’après le sys- 
tème de l’auteur, à celui des surfaces des bases opposées 
et de celle de la section médiane ou intermédiaire, et c'est 
précisément à cette fin que doit servir le tableau dont il s’agit, où 
l’on verra de suite la forme du solide, la nature des surfaces qui lui 
servent de bases, et au moyen d’un trait ou ligne, la nature et les 
dimensions de la section, surface ou coupe à demi-distance entre les 
bases ou extrémités opposées qu solide à estimer. C’est ainsi que 
l'on verra que dans la pyramide, le cône, le conoïde, le segment de 
sphère ou de sphéroïde, la surface supérieure se réduit à zéro ou est 
nulle, tandisque dans la sphère, le sphéroïde et certains prismoïdes, 
chacune des surfaces opposées devient nulle, ce qui réduit alors le 
calcul à multiplier 4 fois la surface de la section médiane par la si- 
xième partie de la hauteur du solide. 


La formule est mathématiquement exacte pour les 
prismes et prismoïdes, cylindre et cylindroïdes droits ou inclinés, 
pyramides régulières ou irrégulières et les troncs de ces solides entre 
bases parallèles, pour le cône droit ou oblique et son tronc entre 
bases parallèles, pour la sphère, calotte et zone sphérique, pour le 
sphéroïde et tout segment, zone ou tronc de ce corps séparé du 80- 
lide entier par un plan incliné d’une manière quelconque aux axes 
ou diamètres, ou compris entre deux plans parallèles quelconques, 
pour les conoïdes parabolique et hyperbolique droits ou inclinés et 
les troncs de ces solides compris entre plans parallèles ; et ces divers 
solides constituent dans leur ensemble la presque totalité des solides 
élémentaires que l’on puisse être appelé à évaluer. 
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Un'y a que pour les fuseaux seuls et certains onglets de 
ces corps et des autres solides que la formule n’est pas 


mathématiquement correcte, et encore peut-on même dans 
ces derniers cas arriver à des résultats plus certains, plus satisfai- 
sants au moyen de la formule générale qu’on ne saurait le faire par 
aucun des autres moyens auquels on a d'ordinaire recours dans la 
pratique. Il suflit pour cela de décomposer le demi-fuseau ou tronc 
de ce solide en deux ou au plus en trois parties par des coupes ou 
plans parallèles aux bases et d'appliquer la formule séparément à 
chacune de ces parties pour arriver à un résultat très voisin de l’ex- 
actitude parfaite, et de même pour les onglets de prismes et pris- 
moiïdes, de pyramides, cônes, conoïdes et fuseaux, de sphère et de 
sphéroïdes et les troncs de ces onglets entre bases parallèles, de par- 
tager le solide en 2, 3 ou 5 parties au plus pour appliquer ensuite 
séparément la formule à chacune des tranches composantes, comme 
il est d’ailleurs évidemment nécessaire de le faire pour le cubage des 
solides composés tels que la chaloupe, le bateau, le navire et autres 
formes analogues, composées quelles le sont dans tous Les cas de 
quelques unes des formes élémentaires que l'on trouvera parmi les 
modèles du tableau. 


Et dans la plupart des cas, cette subdivision même 
du solide en 2, 3 tranches composantes, sera inutile, 
puisque pour les onglets de prismes, de cylindres, de pyramides et 
de cônes, l'erreur maximum entre le volume réel et celui obtenu 
par la formule proposé ne dépasse pas d'ordinaire un .005 ou un 
demi pour cent, comme on le fera voir. 

Que l’on considère aussi l’immense avantage d’un 
pareil tableau pour la seule nomenclature des corps. 
Cela rend maintenant possible aux élèves les moins 
avancés des colléges, couvents et autres écoles une 
étude qui leur était auparavant interdite. En effet, 
pour saisir sur le papier et comprendre la représentation graphique 
d’un corps, il faut connaître préalablement le dessin, la perspective 
qui ne s’acquiert d'ordinaire que par les élèves avancés et dans les 
dernières années de collége ; tandis qu'aujourd'hui le plus jeune, le 
moins avancé pourra détacher le modèle du tableau, le tenir, le ma- 
nipuler ; le Maître ou Professeur, la Religiense où Maîtresse lui en 
dira le nom et lui en fera voir un exemple dans les mille et un objets 
et besoins de tous les jours. 
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Ce que peuvent représenter les divers modèles 
du Tableau. 


Le tronc de cône droit ou renversé sera suivant le 


cas, la représentation d’une tour, d’un phare, etc., d’un verre 
à boire, d’un saloir, d’une tinette à beurre, d’un sceau, d’une auge 
ou cuve ordinaire ou comme on en voit dans les brasseries et ailleurs ; 
. le cône plat ou surbaissé fournira l’idée d’un couvercle ou d’un fond 
de chaudière, d’un toit, etc. ; la pyramide sera l’image d’un cloche- 
ton, d’une flèche de clocher, etc.: le conoïde droit, la calotte de 
sphère ou de sphéroïde sera un dôme plus ou moins élevé ou surbaissé 
pendant que le même solide en le renversant présentera à l’imagi- 
nation un bassin, un réservoir, un vaisseau comme il s’en trouve 
dans la cabane à sucre, la distillerie ou autre manufacture. 


Le conoïde incliné et renversé, la calotte ou le seg- 
ment de sphéroïde également incliné et renversé sera 


la représentation, l’image de l’espace occupé par une liqueur, un 
liquide, un fluide quelconque au fond d’un vaisseau auquel on aura 
donné pour une raison ou une autre une inclinaison quelconque. Le 
prisme, le prismoïde, sera de même le modèle de ces mille et une 
toitures simples où compliquées qui couronnent nos habitations do- 
mestiques, nos édifices publics, nos palais. Le toit de la lucarne 
ordinaire sera, si il est en croupe, un prisme triangulaire oblique ou 
incliné ; s’il ne l’est pas ce sera Le tronc de prisme, et le corps de la 
lucarne sera indifféremment suivant l’aspect sous lequel on l’envi- 
sagera, un prisme droit triangulaire, ou un onglet de prisme qua- 
drangulaire. 

Parmi les prismoïdes l’on trouvera encore Je plançon, 
le tronc d'arbre en grume, le déblais et remblais de la voie ferrée, 
” le réservoir, le quai, le pilier, la tente à camper, l’ouverture ébrasée 
ou non d’un chassis, d’une porte, niche ou meurtrière dans la mu- 
raille. Le quart de sphère ou de sphéroïde, la demi-calotte sera la 
voûte du rond point d’une église, ou d’une salle terminée de la même 
manière. La sphère entière, le sphéroïde sera la bille de billard, la 
boule de clocher, la Terre que nous habitons, la Lune, le Soleil, les 
Planètes. En un mot, l’on trouvera sur le tableau, et l’on maniera 
à volonté, afin de l’envisager sous tous les aspects possibles, le mo- 
. dèle de chacune des formes élémentaires qu’il soit possible de con- 
cevoir. 
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Les bases, faces latérales, sections centrales ou inter- 
médiaires des modèles du tableau offrent aussi à 
l'appréciation de l'élève, dans l'étude préalable 
du toisé des surfaces, la représentation de 
chacune des figures planes et de toutes 
espèces de surfaces convexes ou 
concaves soit à simple ou à 
double courbure : 


Le carré, rectangle, lozange, para!lélogramme, trapèze, quadri- 
latère—le triangle équilatéral, isocèle, scalène, rectangle, acutangle, 
obtusangle—le polygone régulier et irrégulier —-le cercle, demi-cercle, 
quart de cercle, secteur, segment, zone, lune, l’anneau concentrique, 
excentrique—l’ellipse, demi-ellipse, segment d’ellipse moindre, plus 
grand que la moitié —les autres sections coniques, parabole, hyper- 
bole—le triangle sphérique équilatéral, tri-rectangle, tri-obtusangle, 
la calotte ou segment, zone, lune sphérique—segments et zones, etc., 
d’ellipsoides allongés et aplatis, etc. 


Le tableau aura pour effet d'intéresser l'élève et de 
rendre attrayant une étude jusqu’à présent aride et à 


peu près impossible. On pourra au moyen du tableau et de la 
formule générale enseigner la stéréométrie, c’est-à-dire, la nomen- 
clature, les propriétés et le toisé des corps dans les écoles, même 
élémentaires, où on aura d’abord enseigné assez de géométrie pour 
mettre les élèves en mesure de déterminer la surface d’une figure 
plane quelconque, puisque le système proposé réduit en réalité le 
toisé des corps ou volumes à ce seul travail; ce qui reste à faire 
n'étant qu’une addition des surfaces ainsi trouvées et la multipli- 
cation de leur somme par la sixième partie de la hauteur du solide. 


LA FORMULE. 


La formule prismoïdale, proprement dite, n’est pas nouvelle; 
puisque déjà et depuis longtemps on en fait quelquefois l'application 
au calcul des terrassements et déblais de voies ferrées, etc.; mais on 
ne semble pas avoir jamais eu l’idée de se servir de cette règle pour 
toiser, par exemple, un tronc de pyramide on de cône, un conoïde ou 
un segment de sphéroïde incliné à son axe, un tronc d’ellipsoïde entre 
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bases parallèles inclinées à l’axe sous un angle quelconque et en gé- 
néral la plupart des solides du tableau, et l’eût-on fait d’ailleurs que 
cette formule ne serait jamais devenue d’une application générale 
dans la pratique ou dans l’enseignement sans le tableau, pas plus 
que la vapeur sans l'engin, l'électricité sans le télégraphe. 


L'auteur à à partager avec d’äutres l’honneur de cette découverte 
pour un certain nombre de solides auxquels on en a démontré l’ap- 
plication, quoique d’une manière plus où moins directe et variée ; 
mais en cela il est en bonne compagnie et peut-être même doit-il 
s’en féliciter puisque ce sont autant d’adhésions à l'appui de sa 
thèse et pas plus il ne doit s’en contrarier que Leverrier et Adams 
au sujet de “Neptune,” Newton et Leibnitz à l'endroit des ‘“ flux- 
ions.” 


“T1 est bien clair, dit le Révd. Mr. Billion, dans sa lettre à Mgr. 
Larocque, que l’auteur n’exige pas qu’on fasse usage de sa formule dans 
une foule de cas, où une expression plus simple peut la remplacer.” 


Il y a bièn en effet, non pas une foule de cas, maïs trois ou 
quatre cas, où l’on peut remplacer la formule générale par une ex- 
pression plus simple ; mais ces expressions simplifiées découlent 
directement et sans effort de la formule genérale. 


Peu de personnes ont saisi en ceci toute la pensée de l’auteur, à 
l'endroit de la nécessité, l’avantage d’une seule ct même formule 
pour tous les solides possibles. Mais qu’on lise plutôt la lettre sui- 
vante de Mr. le professeur Lafrance, et l’on admettra de suite la 
sagesse de ses remarques. 


Québec, 11 Décembre 1871. 
À MR. C. BAILLAIRGE, 


Monsieur, 


‘6 Quant à l'exactitude de la formule, nul ne saurait en douter, 
puisque en la promulgant, comme vous l'avez fait dans votre traité 
de 1866, vous avez vous-même donné toutes les preuves nécessaires 
à l'appui. 

‘6 Quant au prisme ou cylindre, tout d’abord, (article 1254 de 
votre traité) si l’on objecte que pour ces solides au moins, votre for- 
mule loin d'offrir aucun avantage, ne fait que compliquer le calcul; 
je répondrai qu’il n’en est pas ainsi, puisque dans ce cas cette for- 
mule se réduit de suite à la règle ordinaire. Aïnsi l'élève qui a 
déjà appris que toute section d’un prisme ou d’un cylindre par un 
plan parallèle à sa base est une figure semblable et égale à La base, 
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se dira de suite: ‘ Maïs, la somme des bases, plus 4 fois la section in- 
termédiaire, vaut 6 fois la base, et 6 fois la base multiplié par la 6me 
partie de la hauteur revient tout simplement à multiplier une fois la 
base par toute la hauteur” ; et en effet, c'est le cas. Or, en conservant 
la formule, même pour le prisme et le cylindre, cette formule reste 
générale pour tous les solides et exempte d'apprendre ou de retenir 
dans la mémoire une seule formule additionnelle ; car enfin, c’est là 
limmense avantagé du système que vous proposez ‘une seule et 
même formule” pour tous les solides possibles, et du moment que 
vous en introduisez une seconde, voire même une troisième pour la 
pyramide et le cône, une quatrième pour le paraboloïde dont le cu- 
bage par les règles ordinaires paraît plus simple que par la vôtre ; 
dès lors, vous introduisez la confusion dans l’esprit de l'élève, du 
mesureur; dès lors il y a danger de confondre ces règles, de prendre 
l'une pour l’autre, de les oublier toutes ou ne pas les retenir dans la 
mémoire et de nécessiter par là même un livre de renvoi, ce dont 
votre système dispense entièrement. 


‘ D'ailleurs, pour la pyramide ou le cône, comme vous le dites 
(1525 de votre Géométrie) la surface de la section intermédiaire est 
le quart de celle de la base; or & x 4=1 et 1+1 font ?, et l’on voit 
de suite que la sixième partie de ? est la même chose que le tiers de 
1, d’où il suit que la formule générale ramène immédiatement à la 
règle ordinaire et cela sans qu'il soit nécessaire de connaître d'avance 
cette règle. 


‘ Encore, que le prisme, le cylindre, la pyramide, le cône, comme 
il arrive dans la pratiqre, soient tant soit peu convexes ou concaves, 
où en serions-nous avec les règles ordinaires, tandis que au contraire 
dans ce cas votre formule est la seule qui puisse cuber exactement le 
corps dont il s’agit, et pour la futaille, tronc central de fuseau (1574), 
le paraboloïde (1564), que sa paroi latérale soit (rem. page 697) le 
moins du monde trop ou trop peu convexe ou bombée, la règle ordi- 
naire qui consiste à multiplier sa base par 8a hauteur et à prendre 
la moitié, donnera un volume ou trop fort ou trop faible. Comment 
donc arriver dans ce cas à la vérité, si non par votre formule qui, 
comme dans le cas de la futaille fait entrer dans le calcal, le sinus verse 
(ou à peu près) du plus ou moins de renflement du corps à cuber, c'est- 
à-dire, l'élément même qui concourt à en faire varier le volume. 


‘6 Je viens d'indiquer les articles ou alinéas de votre traité où on 
trouve la preuve de l'exactitude de la formule pour les corps ci- 
dessus mentionnés ; eh bien, l’article 1561 en fait foi aussi dans le 
cas du sphéroïde ou ellipsoïde allongé ou aplati,—1562, pour le seg- 
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ment de ce solide, —1566, pour l’hyperboloïde, et 1581 à 1592 2 pour le 
prismoïde en général. 


‘ Le fait est que trop peu de personnes encore se sont donné la 
peine d'examiner votre livre, tant est grande la tendance chez nous 
à rester toujours dans l’ornière de la vieille routine. En effet, on a 
été 20 ans à substituer au calcul des louis, chelins et deniers, le 
calcul décimal infiniment plus simple et plus expéditif des piastres 
et ceutins; on en sera bien encore 10 à apprécier votre œuvre, à 
introduire votre formule, votre tableau tout indispensable qu'il soit, 
dans l'éducation générale de ce pays. 


‘ Je crois fermement cependant (et c’est trop souvent le cas, si 
peu on est prophète dans son pays) qu’on saura de suite vous appré- 
cier à l'étranger et je ne doute pas qu'aussitôt votre tableau connu 
aux Etats-Unis et en Europe, où, me dit-on, vous avez déjà eu le 
bon esprit de faire breveter votre invention; je ne doute pas, dis-je, 
qu'aussitôt vous aurez lancé votre prospectus à l’Etranger, aussitôt 
vous aurez des commandes et en grand nombre pour l'introduction 
du tableau dans toutes les Universités, écoles et autres institutions 
destinées à l’enseignement non-seulement de la jeunesse, mais aussi 
de l’âge mûr chez tous les peuples. ” 


46 C. J. L.-LAFRANCE, 
Professeur.” 


Voici maintenant ce que dit de la formule, Mr. R. Steckel, mathé- 
maticien distingué d'Alsace, France : 

‘ Ayant eu occasion de vérifier votre formule quant à son exac- 
titude_—relativement à différentes espèces de corps, j'ai trouvé qu’en 
effet, tel que vous le dites en d’autres termes, elle est applicable 
rigoureusement à tous les polyèdres sans exception, de même qu'à 
tous les solides engendrés par la révolution des courbes du second 
ordre autour de l’un ou de l’autre de leurs axes principaux ainsi 
qu'aux segments de ces solides, quelle que soit la direction du plan 
de section.—En cela on pourrait ajouter à votre prospectus, il me 
semble, qu’en général la règle est applicable d’une manière rigou- 
rensement exacte : 

1° A tous les solides engendrés par la révolution d’une ligne 
droite autour de deux plans parallèles l’un à l’autre définis en 
étendue par des contours limitrophes de forme quelconque, peu im- 
porte les variations du rapport entre les vitesses respectives des 
deux extrémités de la ligne mouvante. 


“2% À tout solide engendré par un plan à contour défini qui se 
meut avec une vitesse constante en ligne directe d’un point à un 
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autre, pendant que sa surface varie d’une manière correspondante 
comme le carré de la corde génératrice d’une zone de section conique 
quelconque. 

‘ Pour ce qui regarde les solides engendrés par des courbes ré- 
gulières d’un ordre plus élevé que les sections coniques, il cest d’or- 
dinaire assez facile de les subdiviser, avec une exactitude plus que 
suffisante pour toutes les fins pratiques, —de manière que les solides 
partiels résultants puissent être classés dans l’une ou dans l’autre 
des deux catégories de solides que je viens de décrire. 


‘ De plus, à part de certaines espèces d’onglets de solides élé- 
mentaires, je ne vois guère de corps de formes régulières qui puis- 
sent se rencontrer dans la pratique du mesureur ou du jaugeur ou 
qui soient en usage dans les arts et métiers pour lesquels une-sub- 
division répétée au delà de deux ou trois fois soit nécessaire ; et 
quant aux onglets biscornus il vous sera facile d’y référer dans le 
traité qui accompagnera le tableau. 

J'ai trouvé très-commode, un de ces jours passés, d'appliquer 
la règle à un tronc de conoïde hyperbolique éngendré par la révolu- 
tion d’une hyperbolc du 5ème ordre autour d’une de ses asymptotes, 
en procédant par subdivision, dans le but de vérifier le degré de 
précision apporté à la construrtion d’un ajutage convergent en 
cuivre ayant cette forme particulière que j'ai employé dans une ex- 
périence hydraulique. ” 


Mr. Steckel, après avoir prouvé l’exactitude.mathématique de 
la formule pour tous les corps mentionnés par l’auteur dans son 
prospectus, a fuit de longues et difficiles analyses à l'endroit de l’ap- 
plication de la formule aux onglets de cylindre, de cône, de conoïdes, 
et de sphéroïdes, etc., et a démontré qu’en effet, tel que l’auteur le 
dit, l'erreur maximum pour ces solides, qui d’ailleurs se rencontrent 
très rarement dans la pratique du mesureur, ne dépasse pas d’ordi- 
naire .005 ou la moitié dé un par cent, quand on toise le corps d’un 
seul trait, et que cette erreur petite qu’elle soit, s’élimine fucile- 
ment et devient nulle, pour ainsi dire, en subdivisant l'onglet, le 
demi-tronc de fuseau, en deux qu tout au plus en trois parties, à 
chacune desquelles on applique séparément la formule, pour faire 
ensuite la somme des parties composantes. 


‘€ La formule, dit le Révd. Mr. Billion, (mathématicien du Sémi- 
naire de St. Sulpice, Montréal,) s'applique à toute une série d’autres 
corps dont l’auteur n’a point parlé, et j'entends ici des corps auxquels 
la formule s'applique exactement: en effet, supposons un quelronque 
des corps mentionnés par l’auteur, soit par exemple un tronc de pyÿru- 
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mide. On peut considérer ce corps comme formé par la juxtaposi- 
tion d’une infinité de plans parallèles aux deux bases. Maintenant, 
supposons tous ces plans enfilés d’une base à l’autre par une ligne 
quelconque droite ou courbe, et susceptible de se courber, ou plier 
d’une manière quelconque. En inclinant, ou pliant, ou courbant, 
ou tordant cette espèce de directrice, on entrainera dans le même 
sens toutes les tranches du dit corps, et on aura un nouveau corps 


de mêmes bases et de mème hauteur que le premier, parfaitement . 


équivalent en volume, mais courbé suivant un arc de cercle, de pa- 
rabole, ou d’une courbe sous loi quelconque, ou plié selon un angle 
quelconque, les tranches demeurant toujours dans le même plan. Si 
la direction est contournée en hélice, et que la base soit un cercle, 
on aura une colonne tayse, etc., etc. Voilà donc une multitude de 
corps auxquels la même formule s'applique, par la raison qu'ils sont 
équivalents aux premiers. 


‘ L'auteur démontre sa formule comme rigoureusement exaete 
pour un grand nombre des corps énoncés, et comme aussi approxi- 
mative qu’on voudra pour ceux auxquels elle ne s'applique pas d’une 
manière absolument rigoureuse. J'ai vérifié soigneusement la dé- 
monstration de la formule pour les lers corps, ceux auquels elle 
s'applique rigoureusement. La proposition et la démonstration sont 
exactes et vraies dans tous ces cas. 


‘6 Quant aux autres corps, il est vrai que plus on multipliera les 
sections, suivant le besoin, plus l’approximation sera proche de la 
vérité. ?” ° 


‘6 Dans les ouvrages publiés jusqu’à présent sur le Troisé des 
Solides, on trouve, dit Mr. Blain, une foule de règles différentes pour 
évaluer le volume des solides formés par la révolution d’une courbe 
du second ordre autour de son axe. Ces règles, desquelles résultent 
autant de formules, il faut les retenir, c'est-à-dire surcharger sa mé- 
moire sans être bien sûr qu’elle vous sera fidèle au moment où vous 
aurez besoin de telle ou telle formule. La formule de M. Baillairgé 
est générale et dispense le praticien de ce pénible effort. 


“ De plus, cette formule est applicable lorsqu'une courbe engendre 
un solide en tournant autour d’un axe qui n’est pas le sien, et voilà 
un cas qui a rarement, qui n’a presque jamais été prévu par les auteurs 
qui.ont écrit sur la matière et dont le défaut général, sans vouloir 
faire injure à leur profonde science, à été d’avoir toujours trop en vue 
la théorie au détriment de la pratique, 


‘ J'ai constaté, avec M. Steckel, qu’on ne fait pas mention, dans 
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lamajeure partie des Toisés, d’un sphéroïde coupé par un plan dans une 
direction oblique à ses axes, eus prévu pur M. PBuaillairgé, no. 1,560 
de son Traité. On ne parle pas nou plus d’un paraboloïde dans les 
mêmes conditions, (1,561), et encore mins d’uu hyperboloïde, (1,566). 


‘ Les jaugeurs, en particulier, peuvent tirer un parti énorme de la 
formule de M. Baillairgé, puisque la grande majorité, on pourrait 
presque dire la totalité des tonneaux, barils, bouilloires, chaudières, 
réservoirs, etc. et tous les vaisseaux employés habituellement à 
contenir des liquides, ne sont autre chose que des troncs de fuseaux 
circulaires, hyperboliques, paraboliques ou elliptiques, des sphéroïdes 
ou troncs de sphéroïdes, calottes sphériques, paruboloïdes, hyperbo- 
loïdes, troncs de cônes et de conoïdes à surfaces concaves ou con- 
vexes, etc. 


‘ La formule de M. Baillairgé dispense aussi le praticien de déter- 
miner à quelle espèce de solide appartient celui qu’on se propose de 
mesurer, opération qui est sujette à bien des erreurs dans la pratique. 


“ Enfin, la même formule donne le moyen de trouver la quantité 
de liquide contenue dans un vase seulement en partie plein, dans 
quelque position que se trouve ce vase et sans avoir besoin de 
changer sa position, (1,577, 1578, etc.) e 


“Je dépasserais de beaucoup les limites d’un article de journal, si 
je voulais énumérer tous les avantages de la découverte faite par M. 
Baillairgé, car c’est réellement une découverte importante qui honore 
et l’auteur et son pays. 


‘ Je le dis franchement, j’ai d’abord douté de l'exactitude des cal- 
culs de M. Baiïllairgé, et, avant d'exprimer une opinion, j'ai refait 
moi-même les calculs, puis consulté des hommes habiles et versés 
dans la pratique. Je ne fais que consigner ici leur opinion qui sera 
confirmée plus tard par tous ceux qui emploieront le nouveau système 
de mesurage. ” 


Pour ce qui est maintenant, de l'exactitude des résultats que 
donne la formule dans le cas des troncs de fuseaux par exemple et 
des vaisseaux de capacité de cette sorte, comparée à celle que donnent 
les règles ordinaires, l’auteur ne saurait mieux faire que de publier au 
long les remarques censées de M. le professeur Gallagher à ce sujet. 
On y verra aussi la somme de travail dans les deux cas 


. Québec, 9 Décembre, 1871. 


‘Nul doute que cette formule est mathématiquemont correcte, 
appliquée à tous les solides que vous énumérez dans votre prospectus. 
C’est d’aillonrs ce que vous avez parfaitement démontré dans votre 
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précieux ouvrage sur la Géométrie et le mesurage, publié en 1866. 
C'est ce que M. Steckel a promptement fait voir de la manière la plus 
concise dans la lettre qu’il vous a adressée à ce sujet, pour ne rien 
dire des lettres des R. R. MM. Méthot et Maingui, de la part des pro- 
fesseurs de Mathématiques du Séminaire de Québec et de l’Université 
Laval, où les expressions “ étonné ” ‘‘enchanté” montrent sufñ- 
samment la haute opinion qu'ont de votre découverte ces juges com- 
pétents. Mais, dans mon opinion, vous n’insistez pas suffisamment 
sur la grande valeur, les avantages manifestes et multipliés de votre 
règle appliquée au fuseaux, dont les troncs centraux se rencontrent 
tous les jours et dans toutes les parties du monde civilisé sous les 
mille ct une forme de futailles de toutes les grandeurs et de toutes 
les espèces que l’on puisse concevoir ; et la nécessité de mesurer ces 
objets avec promptitude à cause de leur nombre, et avec exactitude 
à cause de la nature généralement précieuse de leur contenu, rend 
uue règle simple, facile, et commode, comme celle que vous proposez 
maintenant, de la première importance pour l’humanité. 


‘ Maintenant, Monsieur, que votre règle embrasse ces précieuses 
qualités requises, permettez-moi de la comparer, dans son opération 
et ses résultats avec les règles données par quelques-uns de nos 
meilleurs nsathématiciens et de nos meilleurs auteurs tels que 
Bonnycastle par exemple, voir l'édition de son traité de mesurage du 
Rév. E. C, Tyson, page 147. 


Problème XXVII (pour exemple.) 


Trouver la solidité du tronc central d’'nn fuseau elliptique ; sa 
“ Jongueur, ses diamètres au centre et au bout étant donnés ; le dia- 
mètre qui se trouve à égale distance du diamètre du milieu et de 
“ celui du bout étant aussi connu. ? 


Rèzle. “1° de la somme de trois fois le carré du diamètre du 
 “ centre, et le carré du diamètre du bout, ôtez quatre fois ‘e carré du 
‘ diamètre qui se trouve entre celui du milieu et celui du bout, et de 
‘ quatre fois le dernier diamètre ôtez la somme du plus petit dia- 
& mètre et trois fois celui du centre, et + du quotient provenant de 
6 ]a division de la première différence par la dernière donnera la dis- 
‘6 tance centrale. 


“9° Trouvez les axes de l’ellipse par le Problème II, et la sur- 


‘ face du segment elliptique, dont la corde est la longueur du tronc, 
‘ par le Problème V. 

3° Divisez trois fois la surface ainsi trouvée par la longneur du 
« tronc, et du quotient soustrayez la différence entre le diamètre du 
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‘ centre et celui du bout, et multipliez le reste par huit fois la dis- 
€ tance centrale. \ 


‘49 Alors de la Somme du carré du plus petit diamètre, et deux 
“€ fois le carré de celui du centre, Ôôtez le dernier produit trouvé, et 
‘ cette différence multipliée par la longueur, et ce produit encore par 
‘261799, etc., dounera la solidité demandée. Ù 


‘ Ici l'esprit s’égare entièrement au simple récit des différentes 
opérations qu'il faut exécuter (pas moins de 27) et les simples résul- 
tats de chacune de ces opérations sans parler des détails des mul- 
tiplications, des divisions, et d’autres calculs nécessaires pour y 
arriver, prennent deux pages entières du livre. 


‘“ Appliquée, disons à une futaille de 28 pouces de long, le dia- 
mètre de la bonde étant de 24 pouces, celui du fond de 21.6 pouces, 
et le diamètre intermédiaire de 23,10909 pouces, le résultat, comme 
il est entièrement fait aux pages 1148 et 149 du dit livre, donne 
11,854? pouces cubes bien près, ou 51 gallons et 5 demiards. 


‘€ Or, le même exemple, par votre formule donne 11,855.2 pouces 
- cubes, ce qui ne diffère du dernier résultat que de .0000045 où moins 
d’un demi-pouce sur environ 12000, pouces, ou la 210ème partie de 
un par cent d’excédant, la lième partie d’une roquille. 


‘ Alors non seulement votre formule dans ce cas doit ètre consi- 
dérée, sous tous les rapports aussi exacte que celle de Bonnycastle, 
muis elle l’est réellement plus dans la pratique ; car, même si l'erreur 
en excédant atteignait le maximum de .005 ou de + de un par cent, 
où est le mesureur pratique ou le jaugeur qui, pour la considération 
d'une pinte sur un baril de 50 gallons, ou d'un pot par tonneau, 
voudrait, pourrait passer des heures de son temps à calculer par 
l’ancienne méthode ce qu’il peut faire avec plus d’exactitude et en 
moins de deux minutes par la nouvelle ; car chaque marchand vous 
dira que dans le jaugeage pratique du baril il ÿ a généralement une 
erreur en plus ou en moins de un à deux gallons par barrique. 


‘6 Et même on ne pourrait arriver à cette exactitude comparative 
de l’ancienne méthode qu’en prenant toutes les décimales, ce que 
personne ne voudrait faire par suite de l’immense travail des calculs ; 
tandis que par la nouvelle formule, en raison de sa grande simplicité 
et de sa concision, toutes les décimales peuvent facilement être prises, 
“et il ne résulte aucun inconvénient si l’on néglige quelques-unes des 
dernières puisque le résultat, comme je lai démontré ci-dessus est, 
(et, pour les formes convexes est toujours, quoique très-légèrement) 
en excédant du véritable contenu. 
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‘6 J'ai tort cependant en disant que l'erreur maximum, par votre 
règle, dans le jaugeage des barils, est de .005 ou de la moitié de un 
par cent, et vous ne le dites pas non plus dans votre prospectus ; au 
contraire vous moutrez de la manière la plus satisfaisante, aux pages 
708, 709 de votre dit traité, dans les nombreux exemples que vous 
donnez et que vous complétez, les comparant dans chaque cas avec 
les résultats donnés par les règles de Bonnycastle, que l'erreur 
maximum en excédant ne dépasse pas, dans votre premier exemple et 
votre second, + de un par cent ou d’une pinte par tonneau ; dans 
l'exemple 8 c’est ! de 1 par cent ; l'exemple 10 donne pour l'erreur 
” maximum À de 1 par cent ; l’exemple 5 donne } de 1 par cent ; les 
exemples 4 et 12 (2), ,ÿ de 1 par cent ; l'exemple 9, ;& de 1 par cent; 
les exemples ? et 12 (1 et 3) 4, de 1 par cent ; et l'exemple 7, 4, de 
1 par cent ; et ces exemples comprennent toutes les variétés et toutes 
les grandeurs de barils circulaires, elliptiques et paraboliques, c’'est- 
à-dire des trois variétés que l’on rencontre généralement dans la pra- 
tique. 

‘6 Mais en appuyant sur la formnle, je m'aperçois que je n’ai encore 
rien dit du si important ‘ Tableau Stéréométrique ” sans lequel, 
comme vous le remarquez avec tant d’apropos, la règle serait presque 
aussi inutile pour l’enseignement du mesurage dans les écoles, sinon 
dans la pratique, que la vapeur sans l’engin, ou l'électricité sans le 
télégraphe. 


“Votre tableau, en dehors du simple mesurage des corps, possède 
beaucoup d’autres avantages, comme vous les énumérez dans votre 
prospectus, et sur lesquels il est inutile pour moi d'appuyer, vu que 
je concours entièrement dans tout ce que vous en dites ; quoique je 
croie que vous auriez pu insister encore plus sur l'avantage d'un pa- 
reil tableau dans l'étude d’un élève architecte, bien plus d’un archi- 
tecte de profession, qui parmi ces modèles, trouverait celui de toute 
forme ou proportion concevable de toit, de dôme, etc., dont il puisse 
être appelé à faire le dessin ; de l'Ingénieur Civil qui y trouverait 
toutes les descriptions de prismoïdes qu’il puisse rencontrer dans les 
déblais ou remblais pour les chemins de fer, les canaux, les docks, etc., 
ou dan; les jetées, piliers et culées de ponts ou autres constructions; de 
l'Ingénieur Mécanicien qui y trouverait toutes les variétés de bouil- 
loires, chaudières ou autres vaisseaux et les parties constituantes de 
toutes'espèces de mécanisme ” 


J. GALLAGHER 


La 
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NOUVEAU SYSTEME DE TOISER 


TOUS 


LES GORPS—NEGMENTS, TRONCK ET ONGLETS DE CES CORPS 
PAR UNE SEULE ET MÊME RÈGLE. 


(1) Il est utile de recueillir et de présenter sous une forme suc- 
cincte les diverses formules ou règles qui on trait au calcul des sur- 
faces et volumes des divers corps et figures dont il a été jusqu'ici 
question. Un ensemble de cette sorte permettra de référer plus aisé- 
ment à ces règles, pour y trouver d’un coup-d’œil celle dont on aurait 
besoin, eu égard au problème à résoudre, et quelques exemples pra- 
tiques des divers cas mettra l'élève plus au fait du procédé à suivre 
pour arriver au résultat voulu. 


(2) Déterminer une surface ou un volume, c’est comme on la vu 
(333 et 1014 6.2) trouver le nombre de fois que cette surface ou vo- 
lame contient une autre surface ou volume que l’on prend pour unité 





1. (“ Nouveau traité de géométrie et de trigono métrie rectiligne et sphérique, eto.,” 
par le même autour.) 

2. Rewarque.—Les nombres en caractère noir et entre parenthèses, comme (333 et 
1014 G.), (24G.), (1018 G.), etc., renvoyent au “ nouveau traité de géométr e et de 
trigonométrie rectiligne et sphérique, etc., ” par le même auteur, et les nombres aussi 
en caractère noir et suivis d’un T., au traité actuel où les numéros correspondants des 
paragraphes, alinéas ou articles ont trait à la défnition, démonstration ou solution, 
suivant le cas, de la chose énoncée dans le traité dont il s’agit. 
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de mesure (24 G.) Ainsi, quand on dit qu’une toise carrée contient 
36 pieds carrés, il faut entendre que l’unité de mesure est le pied 
: rré et que cette unité est contenue 36 fois dansla toise carrée, la 
tie linéaire étant de 6 pieds, et 6x 6—36. De même, si la toise 
cubique, contient 216 pieds cubes, c’est que le pied cube est dans ce 
cas l'unité prise pour mesure et que cette unité est contenue 216 fois 
dans la toise, laquelle étant de 6 pieds linéaires, son volume est 
(1018 Gt.) 6 x 6 x 6—216 ; et si le mètre cubique contient 1000 déci- 
mètres cubes, c'est que l’unité de mesure est le déci-mètre et que 
10 x 10 x 10=1000. 

(8) L'unité de mesure qu'il convient d'employer est d'ordinaire 
le carré ou le cube (suivant le cas) dont le côté est (338 et 1014 G.) 
l’unité linéaire qui à servi à établir les dimensions linéaires de la 
figure à estimer ; mais il est clair que rien n’empêche d’estimer en 
mètres ou en verges carrés la surface d’une figure dont les dimensions 
seraient exprimées en pieds ou en pouces, etc. ; et de même il sera 
indifférent d'exprimer en pieds cubes, en mètres ou en toises, etc., le 
contenu d’un corps ou solide dont les dimensions linéaires seraient 
données en verges, en pieds ou en pouces, etc. ; faisant attention 
seulement aux réductions nécessaires pour traduire les éléments 
donnés en éléments d’un autre nom, c’est-à-dire, d’une valeur diffé- 
rente. 
(4) La formale de l’auteur, pour trouver d’un trait, ou par dé- 
compositior le volume d’un corps quelconque, est comme suit : 

A la somme des surfaces des bases ou extrémités opposées et pa- 
‘6 rallèles du corps à évaluer, on de l’une, quelconque, de ses tranches com- 
‘6 posantes, ajouter quatre fois la surface d'une: section parallèle à ces 
‘6 bases et située à mi-chemin entre elles, et multiplier ensuite la somme 
‘6 de ces surfaces par la sixième partie de la hauteur ou longueur du 
‘6 solide. ” 

(5) Le nouveau système ne comporte donc que le seule toisé de 
certaines surfaces et sections du corps sons considération, puisque 
ce qu’il reste à faire pour arriver au volume proposé ne consiste qu’en 
une simple addition de ces surfaces et la multiplication de leur 
somme par la hauteur ou longueur du solide, pour prendre ensuite 
la sixième paroi du résultat. 

6) Mais on a souvent à évaluer une surface indépendemment de 
toute considération ayant trait au volume du corps dont cette sur- 
face forme la paroi totale ou partielle. 

Pour ces diverses raisons, il convient donc de s'arrêter tout d'a- 
bord au 
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TOISÉ DES SURFACES. 
PROBLÈME 1. 


Déterminer la surface d’un carré, rectangle, losange, 
rhombe ou parallélogramme quelconque * 


À > . 
Fe p. 


Q 


(7) REGLE I. Multipliez la base (KS® G.) par la hauteur 
(180 &.) et le produit sera la surface voulue (883 et 841 G.) 


Ex. 1. Quelle est la surface d’un carré dont le côté mesure 204.3 
pieds ? Rep. 41738.49 pieds carrés. 


2. Quel est le nombre de carrés (le carré est de 10 x 10 = 100 pieds 
carrés) dans un plancher, plafond, colombage, lambris, couverture, etc. 
rectangulaire, dont la longueur = 60 pieds et la largeur 35 pieds ? 





Rep. 21. 
° 8. Quelle est la superficie d’un parallèlogramme dont la base 
égale 12.95 et la hauteur 8.5 ? Rep. 104.195. 


4. Combien de verges carrées de peinturage, dans un rectangle 
dont la base est de 66.3 pieds et la hauteur 33.3 pieds ? Rep. 245.31. 
5. Déterminer la superficie d’une planche rectangulaire dont la 
longueur est 124 pieds, et la largeur 9 pouces ? Rep. 93 p. c. 





1. Voir les faces composantes et les sections ou coupes parallèles des prismes et 
autres modèles du tableau. Ces figures se rencontrent partout dans la pratique du me- 
sareur, géomètre, arpenteur, toiseur, etc. ; ainsi, le parquet, plancher, ou plafond, ou 
l’an des pans d’un appartement ou d’une pièce quelconque sera d'ordinaire un carré ou 
un rectangle. Ilen sera de même d’une porte ou d’une fenêtre dont une partie au 
moins sera rectangulaire, et l’on retrouvera encore cette figure dans La surface déve- 
loppée d’une joue de porte, de fenêtre ou de toute autre ouverture qui serait cintrée 
sans être ébraste ; ainsi que dans le développement du pourtour d’une pièce ou d’un 
appartement quelconque dont le plan serait un cercle ou tout autre figure curviligne et 
dont il sera toujours facile d'obtenir avec asses d’exactitude les dimensions curvilignes 
à l’aide d’un ruban, si la surface à estimer est convexe, ou au moyen d’une tringle asses 
mince pour pouvoir s’ajuster à la surface concave à estimer. Pour ce qui est du pa- 
rallèlogramme oblique-angle, on rencontrera souvent de ces surfaces à l’endroit de deux 
courses suporposées d’esealiers de même inclinaison. Les subdivisions des territoires 
en cantons, lots et parcelles, affectent aussi pour la plupart des figures de cette sorte. 
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6. On demande le nombre de verges carrées de tapisserie néces- 
saire pour couvrir un parallélogramme, dont la base est de 37 pieds, 
et la hauteur de 5 pieds 3 pouces Ÿ Rep. 217%. 


7. Combien de pieds carrés de vitrage dans une fenêtre rectangu- 
laire ayant 75 pouces en hauteur sur 374 pouces en largeur ? Rep. 75 
x 373—+144—19 pieds carrés 764 pouces carrég=19. 195 = 19. 53125 
ou 6.3” x 3.14’ = 19.65—19.6$75—1953= 19.53 ou 194 p. c. à peu près. 

8. Combien de pouces carrés de dorure faudra-t-il pour couvrir 
une surface dout la longueur est de 3 pieds 3 pouces et la largeur dé- 
veloppée ou périmètre de 13 pouces ? Rep. 507. 


9. Quel est le nombre de pieds superficiels dans l’ensemble des 
moulures d’une corniche en pierre, en bois ou en plâtre, ctc., dont la 
longueur est de 60 pieds 7 pouces et la largeur développée ou contour 
de 3 pieds 34 pouces 1? Rep. 199 S, (à très près) p.s. 


REMI. Ces largeurs développées, contours ou périmètres, s’ob- 
tiennent au moyen d’un fil ou ruban que l’on ploye autour des di- 
verses moulures, dans une direction perpendiculaire (996, 998 G.) 
à leur longueur. 


10. On demande le nombre de verges carrées de vernis sur une 
porte dont la hauteur est de 74 pieds et la largeur développée (on 
mesure autour de toutes les moulures, etc.) de 3 pieds 11 pouces ? 

Rep. 3 v.c. 2$$5 p. c.— 
3 v. c. 2.375 p. c.—3.2375 y. c.—3.2639 v. c., soit 3 v. c. à peu près. 

11. Combien de mètres carrés dans une parcelle de terre ayant 

113.75 mètres en longueur sur 10.5 mètres en largeur ? Rep. 1194.375. 


12. Déterminer en arpents et perches carrés, la superficie d’une 
terre mesurant 40 arpents 5 perches en profondeur ou longueur, sur 
3 arpents 74 perches de front ou largeur (10 perches linéaires formant 
un arpt. lin. et par conséquent 10 x 10 ou 100 perches carrées, un ar- 
pont carré). Rep. 151 arp. 874 perches. 


(8) REGLE II. Faites le produit de deux côtés adjacents du pa- 
rallèlogramme, et multipliez ensuite ce produit par le sinus naturel de 
l'angle inclus. | 

En effet, on a vu (1281, 1°G.) que quand 
R=1 la perpendiculaire DE du triangle 
rectangle AED est égale au produit de 
l'hypothénuse AD par le sinus de l’angle 
A; mais DE est la hauteur du parallélo- 
gramme AC, et puisque surf. AC—AB x 
DE et que DE= AD x sin. À, il est clair alors que surf. AC=AB x 
AD x sin. À. 
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Ex. L. —Quelle est la surfice d’un rhombe ou losange dont le 
côté est de 25 thaînes et l’angle inclus de 57° 3. Rep. 25 x 25— 
625, et 625 x .84386 (sin. nat. de 57° 33)—527.4125 chs. c. 

(9) Pour résoudre ce même problème par logarithmes ‘ 
où R=10., on a (1829, 1° G.) KR. sin. A :: AD: DE ; d'où, DE-— 


AD x sin. À ; Or, Surf. AG—= AB x DE et en substituant à DE, sa valeur 


R 
AD x sin. À AD x sin. À 
RkR * 


ou ce qui est la même chose, surf. AG— 


,on obtient pour surface AG, l'expression AB x 

AB x AD * sin. À ; 
R 

qu’il faut ajouter ensemble les logarithmes des deux côtés adjacents et le 

sinus logarithmique de l'angle inclus ; cette somme, di née du log. 

du rayon, sera le log. de la surface vonlue. 








c’est-à-dire 





+ log. AB 25... -.... 1.397940 
Log. surf. AG= + log. AD 25... 1.397940 
+ log. sin. À 57° 33... __.... 9.926270 
— log. R..---...._.__.___._......_. 10 
Log. surf. AG= 2... ........ 2.722150 


Log. moindre suivant 2.7221140= 527.11 chs. ; la différence entre 
ce log. et le log. trouvé est 10, auquel ajoutant (1286 G.) deux zéros et 
divisant par 82, on a (à très près) 22 que l’on ajoute à la droite des 
chiffres 527.41 déjà trouvés, pour avoir comme auparavant, 527.1122. 

Ex. 2. On demande la surface d’une terre dont les côtés sont res- 
pectivement de 40% ar. et de 3 ar. 74 per. et l'angle inclus 57° 33. 


RepP--------.- ( + log. 404 ar. ou 405 per..._........ 2.607455 
Log.surf.voulue= + log. 3 ar. 74 per. OÙ 37.9 per... .... 1.574031 
+ log. sin. angle inclus 57° 33’... 9.926270 

— log. R......--................... 10. 
Log. surf. voulue= _................... eee... 4.107756 


Le log, moindre suivant .107549 correspond au nombre 1231 ; la 
différence entre ce log. et le log. trouvé est 207 ; ajoutant les 0 ec di- 
visant par la dif. (D)333, on obtient 612426 que l’on écrit (1286 G.) à 
la droite du nombre déjà trouvé 1281 pour avoir 1281612126 ; mais 
la caractéristique du log. trouvé est 4, ce qui correspond (1278 G.) à 5 
chiffres d’entiers ; donc le nombre voulu est 12816.12426 perches, ou 
128 ar. 16.124 (ou 163) perches, près. 





1. Pour les tables de Logarithmes, voir le « Nouveau traité de Géométrie et de 
Trigonométrie, ete.” par le même auteur. 


tÙ 
tt 
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PROBLÈME Il. 

Trouver la surface d’un triangle. ' 
B E H 
/ 


À CD EF &G K 
1er CA. 
Quand la base et la hauteur sont données. 


(10) REG: E Maultiplies la base par la hauteur et prenez la moi- 
tié du produit. Ou, multipliez l'une de ces dimensions par la moitié de 
Pautre, (344 ou 848 G.). 


Ex. 1. Quelle est la surface d'un triangle dont la base est 625 et 
la hauteur 260 ? Rep. 162500. 


2. (Combien de verges carrées d’enduits dans une surface trign- 
gulaire dont la base est 40 pieds et la hauteur 30 pieds ? Rep. 661. 


8. Quel est le nombre de mètres carrés dans un terrain triangu- 
laire, dont la base mesure 30 mètres 7 déci-mètres, et la hauteur 17 
mètres 39 centimètres ? Rep. La surface voulue — 
30.7 mètres : 17.39 mètres = 266.9365 m. c. 

4. Combien faut-il de carrés de lambris pour couvrir un pignon 
dont la base est de 39 pieds 9 pouces et la hauteur de 73 pieds 4 
pouces ? Rep. 463? p. c.—4 carrés 634 p. c. 


5. Déterminer le nombre de carrés de toiture en chaume, tuile, 
ardoise, bardeau, zine, plomb, cuivre ou autre metal, etc., dans une 
croupe dont la base est de 65.4 pieds et la hauteur de 37.3 pieds ? 

. Rep. 12 carrés 19.71 p. c. 





1. Voir les faces composantes ou limitatives des pyramides et autres modèles du 
Tablenu, et les sections vu coupes parallèles telles qu'’indiquées par le trait à mi-che- 
min entre les bases ou faces parallèles. Le triangle, comme le parallélogramme, se 
rencontre fort souvont dans l1 pratique du mesureur, ete. Les pignons d’un édifoe, 
les croupes d'un toit, les côtés ou joues d’une luonrne, ete., affectent cette sorte de 
figure ; ot il n’est pas rare non plus d’avoir à déterminer la surface d’un terrain tri- 
angulaire. 
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2ÈME CAS. 
Quand on a deux côtés de l'angle inclus. 


(11) REGLE. Fuites le produit continu (A1 G.) des deux côtés 
donnés et du sinus nat. ! de l'angle inclus ; la moitié de ce produit 
sera la surface voulue. 


On a (1281. 1° G.) comme C C 

dans le cas (8, T.) du parallélo- 1 

gramme, CD= AC * sin. A ou BC 

x ain. B; or, surface ACB — 

AB x CD 
2. | 

sin. À ou BC x sin. B, on obtient A B D A D B 

pour surf. du triangle l’expres- 

sion + (AB x AC * sin. A) ou + (AB x BC x sin. B). 


et puisque CD—=—AC x 





Ex. 1. Quelle est la surface d’un triangle dont deux côtés valent 
30 et 40 mètres et l’angle inclus 30° ? Rep. 300 m. c. 


2. Déterminer la surface d’un triangle dont un côté est de 45 
verges, un autre côté 37 verges et l'angle inclus 60° ? Rep. 720.9661,. 


8. Les autres données restant les mêmes, déterminer la surface 
par un angle inclus—45° Ÿ ” Rep. 588.6664. 


(12) Par Logarithmes. Ajoute: ensemble les logarithmes des 
deux côtés et le sinus logarithmique de leur angle inclus ; de cette somme 
soustrayez 10, log. du rayon, et le reste sera le log. du double de la sur- 
face du triangle. 


Car, (G. 1229, 1°) R : sin. À : : AC : AD ou R: sin. B:: BC: CD; 
d’où, cp=AC : sin. À _BC x sin. B 














R et comme surf. ABC = AB x CD, 
on à surf ABCc—AB x AC x sin. A__AB x BC * sin. B 
, = F ; | 


Ex. 1. On demande la surface d’un triangle dont les côtés sont 
AB=125.81, AC= 57.65, et l’angle inclus A=57°25 ? 


1. Pour les tables de sinus naturels, etc,, voir le ‘ Nouveau traité de géométrie et 
de trigonométrie, rectiligne et sphérique, etc.” par le même auteur. 
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Rep...___. + log. AB 125.81... 2.099715 
+ log. AC 57.65... cccue 1.760799 
Log.2 ABC=T | jog sin. A 5702... 9.925626 
—log. R..-..----........ 10 
Log. 2 ABC—  .....ccceeecccccocececse 3.786140 


Et 2 ABC=6111.4, ou ABC=3055.7 = surface demaddée. 


2. Combien de verges carrées dans un triangle dont les côtés sont 
25 pieds et 21.95 pieds et l'angle inclus 45° ? Rep. 20.8694. 


3SÈME CAS. 


Quand les trois côtés sont connus. 


(43) REGLE I. Ajoutez ensemble les trois côtés et prenez la 
moitié de leur somme. De cette demi-somme soustrayez séparément cha- 
cun des côtés. Faites le produit continu de la demi-somme et des trois 
restes. Ce produit sera le carré de la surface du triangle, et la racine 
carrée ! de ce produit la surface voulue. 


Soit ACB le triangle. Prenez CD égal 
au côté CB et menez DB; menez AE pa- 
rallèle à DB, pour rencoutrer en E le côté 
CB prolongé: CE sera alors égal à CA. 
Menez CFG perpendiculaire à DB et par 
conséquent aussi à ÀÂE qui est parallèle à 
DB; CFG bissectera DB, AE en Fet G. 
Menez, parallèle à AB, FHI qui rencon- 
trera (‘A en I et EA prolongé en I. Enfin, 
du centre H, avec un rayon FI, décrivez 
la circonférence d'un cercle ; cette circonférence rencontrera en K le 
prolongement de CA, passera par le point I, à cause de AI=FB=DF 
(d'où, HI— HF), ct passera aussi (444 G.) par le point G, parce que 
FGI est un angle droit. 

Maintenant, puisque HA = HD = {AD et CD=CB=4CD + +CB, 
il est clair que CH est égal à la demi-somme des côtés AC, BC du 
triangle; c'est-à-dire CH=4{CA + 4CB; et puisque HK—+#IF=+#AB, 
il suit que CK= {FAC + 4BC + 4AB=4S, si l’on représente par S la 
somme des côtés. 

De plus, HK=HI={HIF—4AB, ou KL=AB ; d'où, CL=CK — 
KL=3S — AB, AK=CK — AC=3S — AC, et AL=DK=CK — CD 


1. Voir les tables à la fin de ce traité. 
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=3%S — BC. Or, AG x CG=surf. ACE, et AG x FG=surf. ABE, d’où 
AG x CF=surf. ACB; et par triangles semblables, AG : CG :: DF : CF, 
ou comme AI : CF; donc AG x CF (surf. de ACB)=CG x DF=CG x 
AT; donc AG x CF x CG x AI ou, ce qui est la même chose, AG x CF 
x CG x AI est égal au carré de la surf. ACB. 

Mais CG x CF=(576 @.) CK x CL=#S x (48 — AB), 

et AG x AI =(5728 &.) AK x AL=—($S — AC) x (48 — BC); 

d'où, AG x CF x CG x AI=4S x (48 — AB) x (48 — AC) x (48 — 

BC)=surf. ACB x surf, ACB=(surf. ACB)?, 
Ex. 1. Soit à trouver la surface d’an triangle dont les côtés sont 





20, 30, et 40. 
20 45 " 4 ‘45 
30 20 30 40 
40 — _ — 
— 25—=1ler reste. 15—2ème reste. 5= 3ème reste 
290 


45=demi somme. 
Maintenant 45 x 25 x 15 +5 = 84375. 
La racine carrée de ce produit est 290.4737, la surface voulue. 


#. Les trois côtés d’un triangle étant 24, 36, et 48 ; quelle en est 


la surface ? Rep. 418.282. 
8. On demande la surface d’un triangle équilatéral dont le côté 
est 251 Rep. 270.62. 


(14) Par Logarithmes. Après avoir déterminé les trois restes, 
faites Paddition des logarithmes de la demi-somme et des trois restes; la 
demi-somme de ces quatre logarithmes répondra à la surface voulue. 

Ex. 1. Combien y a-t-il de verges carrées d’enduits dans une sur- 
face triangulaire dont les côtés sont de 30, 40, et 50 pieds? Rep. 6614. 

æ. Les trois côtés d’une parcelle de terre mesurent 505.3, 330.7, 
et 402.5 mètres. Quelle en est la surface ? 


+ 505.3 619.25 — 505.3—113.95= 1er reste. 
930.7 619.25 — 330.7 —288.55— 2ème reste. 
402.5 619.25 — 402.5—216.75= 3ème reste. 





2)1238.5 

619.25=demi-somme. 

+ log. demi-somme 619.25. ......._... 2.7918660 

+ log. ler reste 113.95... 2.0567143 

+ log. 2ème reste 288.55. ...__...... 2.4602211 

+ log. 3ème reste  216.75..-......... 2.3359591 
2)9.6447605 

4.82238025 


Ce log. correspond à 66432.447 qui est la surface demandée. 
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(15) Le même exemple par nombres naturels fera 
voir l'avantage qui résulte, dans le cas actuel, de l'emploi des loga- 
ritbmes pour diminuer le travail ; mais, de leur côté, les nombres 
naturels ont cet avantage sur les logarithmes, qu’en faisant entrer en 
compter toutes les décimales, avec l'addition même de zéros pour 
continuer au besoin Ja division ou l'extraction de la partie fraction- 
naire de la racine voulue, on peut porter la précision à tel dégré 
d’approximation que l’on voudra, tandis qu’on ne saurait avec exac- 
titude donner à la réponse qu’on obtient par logarithmes, un plus 
grand nombre de chiffres que n’en contient la partie fractionnaire du 
log. lui-même, comme le fait voir d’ailleurs l’inexactitude du dernier 
chiffre (7) de Ia réponse ainsi obtenue. 














619.25 70563.53 75 20361108.7456 25 
113.95 2 88.55 216 75 
93096 25 352817 68 75 101805543 7281 25 
557% 5 3528176 87 5 1425277612 1937 5 
185775 56450830 00 12216665247 3750 
61925 564508300 0 20361108745 625 
61925 1411270750 407222174912 50 
7056253 75 20361108.74 56 25 6221870820.61 4218 75 
" Preuve. 12,6) 813 
66483.4493 + 766 4/1=66432,449304 + 
66432.4493 + ——— 
132,4) 5727 
199297 3479 5296 
6978920 437 
26572979 72 1328,3) 43103 
2657297197 2 39849 
1328648986 
1992973479 13286,2) 325420 
2667297972 265724 
3985946958 ——— 
3985946968 132864,4) 5969661 





4418270319.9970 7040 + 


5314576 


1328648,4) 65508542 
53145936 


13286488,9)1236260618 
1195784001 


132864898,3) 4047661776 
3985946949 


1328648986,0,4)617148260000 














lg 5 
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(16) REGLE IX. Prenez pour baso du triangle donné quel- 
conque ADE, son plus grand côté DE ; faites (578 &.) DE: AD + AE 
:: AD— AE: DC, différence des segments BD, BE de la base par la per- 
pendiculaire AB ; alors, (867 G.) BD=1#DE + 4DC ou BE=+DE— 
+DC ; maintenant vous aures (808 Gt.) la perpendiculaire ou hauteur 
AB du triangle=YAD1-— BD ou, faites (12329 G., 1° alt. ou 1235 Gr.) 
AD : sin. B (=R) :: BD: sin. BAD, pour avoir ensuite (1881 G., 2°) 
AB = AD x cos. BAD, quand R=1, c’est-à-dire, si vous opéres par 
nombres naturels, ou AB = AD x cos. BAD = BAD si vous opéres par loga- 
rithmes, où log. R=10. Enfin vous aurez surf. ADE= KDE x AB). 
A 


D C 


Ex. Les données étant encore les mèmes que dans le dernier ex- 
emple ; on aura, d’après la règle : 





AD=402.5 AD=402.5 DE=505.3 = base 
+AE=330.7 — AE = 330.7 + 2 =9252.65—demi-base 
=8s0m. 739.2 =dif, 71.8 

DC=104.183178—dif. des segm. IDE = 252.65 





—— 2= 52.091589 —demi-dif. +  3DC= 5.091589 
| —=s8eg.BD=—304,741589 
Sin. nat. trouvé=.7571220 correspond à 49° 12’ 40.0737’=BAD 
DE :AD+AE :: AD—AE:BD—-BE (ou DC) 
505.3:733.2 :: 71.8 :104.183178 + =DC 
718 | 


68656 
1332 , 
51324 


606.3) 52643.76 (104.183178 + 1 
5053 





(1) C’est parce que ce quotient doit entrer dans le caleul à faire poer trouver le 
sinus de l'angle BAD qu’il est nécessaire de porter les décimales asses loin pour s’assu- 
er d’une exactitude suffisante dans les derniers chiffres de ee sinus. 
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21137 AD :R:: BD :sin. BAD 





























20212 402.5:1 :: 304.741589: .7571220— 
28175 
9266 
6053 22991 
eo 20125 
42030 
40424 28665 
28175 
16060 
15159 4908 
4025 
9010 ———— 
6053 8839 
—— 8050 
39570 —_———. 
36371 1890 
41990 
Sin. nat. trouvé=.7571220 Dif. de cos. pour 60/’—2202 
Sin. moindre suiv.—.7569951—49°12 60’ : 2202 : 40.0737/’ : 14707 
————— 2202 
Différence=— 1269 me 
Dif. pour 60— 1900 801474 
1900 : 60/’ :: 1269 : 40.0737” 801474 
6 801474 
1907614 +6)882422 
760 = 147070 
1400 


AB—AD > cos. nat. BAD 
BAD—49° 12’ 40.0737/ 


Cos. nat. 49° 12’ — 6534206 
Dif. pour 40.07” = — 14707 
Cos. nat. de 49° 12’ 40.0737’’ .65327353 
x AD 402.5 
0926636765 
130654706 
261309412 


AD x cos. nat. BAD=AB=—262 .949595825 
x DE 505.3 


- 788827787475 
1314712979196 
1314712979195 
ABxDE=9 surf. ADE—  1328648936703 
4AB.DE—  66432.44683 — surf. ADE. 
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(47) Lasurface trouvée d’après cette règle est de 66432.4468 mètres 
carrés. L’exactitude de ce résultat ne s'étend encore, comme ôn le 
voit, que jusqu’au 7ème chiffre, et il ne saurait en être autrement, 
puisque les sinus naturels dont on a fait usage et qui concourent, 
comme éléments, à la solution du problème, ne vont qu’à 7 chiffres, 
_ dont le dernier même est presque tôujours trop fort ou trop faible * 
suivant qu’il à été, ou non, augmenté d’une unité lorsque le chiffre 
suivant excède ou est moindre que 5. 


(18) Remarquons ici que cet exemple, dont on vient de faire le 
calcul, de trois manières différentes, permet de comparer la somme 
de travail que requiert chaque mode de solution, et met en mesure 
de choisir au besoin, ou le moyen le plus expéditif (le premier) ou 
celui qui admet la plus grande précision (le second), ou celui qui ne 
comporte pas l'extraction d’une racine (le troisième). 

(19) D est à peine nécessaire de rappeler que ce problème, comme 
celui qui le précède, et comme ceux qui vont le suivre, peut aussi 8e 
résoudre au moyen d’une construction graphique qui permette d'éta- 
blir à l’aide d’une échelle suffisamment subdivisée, la longueur ou 
valeur de la perpendiculaire AB en termes de la base ou des côtés 
et c’est là assez souvent le plus court moyen, quoi que non le plus 
précis, d'arriver au résultat voulu. 


PROBLÈME IIL 
Trouver la surface d’un trapèze. (:) 


. D 0 


(20) REGLE. Faites (346 6.) la somme des deux côtés paral- 
lèles: multipliez cette somme par la hauteur ou largeur du trapèze, et la 
moitié de ce produit sera la surface voulue. 

(1) Voir les faces composantes (bases et faces latérales) et les sections ou coupes 
parallèles des prismoîdes et autres modèles du tableau. Le trapèse (172 G) s'offre 
asses souvent, dans la pratique, au calcul du mesureur, Aïnai, Ia tablette intérieure 
d’une fenêtre dont les joues ou côtés sont d'ordinaire ébrasés, présente la forme d’un 
trapèzo; il en est de même du plafond d’une fenêtre, porte ou autre ouverture ébrasée ; 
et il est clair aussi que la surface développée ABCD, (partie d’un anneau concentrique, 
voir les bases parallèles du cylindre évidé du tableau ainsi que les faces latérales des 
sections de sphère évidée), de la joue d’une ouverture cintrée B 
en même temps qu’ébrasée peut encore être regardée comme 
une sorte de trapèse à bases parallèles curvilignes, mais dont C_7 


on détermine également la superficie par la règle ici donnée, D re 
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Ex. 1. Dans un trapèze, les côtés parallèles sont 104 et 121 pieds, 
et la distance perpendiculaire entre ces côtés 3 pieds 2 pouces. Quelle 


est la surface ? Rep. # (104+ 12 x 31—=# (10.5 + 12.25) x 3.166 
= 11.375 x 3.166 —36.0185 p. c. 


2. On demande la surface d’une parcelle de terre dont les côtés 
parallèles mesurent respectivement 75 et 122 chaînons, et la perpen- 
diculaire 154 chaînons ? Rep. 15169 chaînons c. 


8. Combien y a-t-il de pieds carrés de surface dans une planche 
dont la longueur est de 124 pieds, la largeur à une extrémité 15 pouces 
et celle de l’autre extrémité 11 pouces? Rep. 13$5—13.541666 + 


4. Combien de verges carrées dans un trapèze dont les côtés pa- 
rallèles sent 240 et 320 pieds, et la baateur 66 pieds? Rep. 2053t. 


5. Les côtés parallèles d’un terrain sont 12.51 et 8.22 chaînes, et 
la perpendiculaire 5.15 chaînes ; quelle est la surface en chaînes 
carrées ? Rep. 53.37975. 


PROBLÈME IV. 
Trouver la surface d’un quadrilatère (*) 


(21) REGLE. Hultipliez (351 G) l’une quelconque des diago- 
nales (173 G) du quadrilatère, par la demi-somme des perpendiculaires 
abaissés des angles opposés sur cette base commune. 


Ex. 1. Quelle est la surface B 
d’un quadrilatère BD dont la diago- 
nale AC est de 42 pieds, et les per- 
pendiculaires BF = 18 et DF = 16 
pieds ? Rep. 714 p. c. 


2. Combien de toises carrées de 
pavé y a-t-il dans un quadrilatère 
dont la diagonale est de 65 pieds et 
les deux perpendiculaires 28 et 334 D 
pieds ? Rep. 55.52083. 





puisque cette figure n’est autre chose qu’an tronc ou partie d’anneau circulaire, et que 
le mode (1145 G. ) d'arriver à la surface de cette figure est analogue à celui qui 
enseigne à déterminer la surface du trapèse proprement-dit. Le trapèse se retrouve 
encore souvent dans le parquet ou plafond d’un appartement dont deux côtés seule- 
ment sont parallèles, à l'endroit d’une toiture de lucarne, d’une rampe d’escalier, d’une 
toiture ou plafond de mansarde et les joues d’une fenêtre rectangulaire affectent aussi 
cette forme quand le plafond ou la tablette en est inclinée ou ébrasée. Enfin, on est 
appelé très souvent à déterminer l’aire d’un terrain en forme de trapèse. 


1. Voir les bases, faces latérales, sections ou corps parallèles de certains modèles 
du tableau. 
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8. Combien y a-t-il de mètres carrés de surface dans un terrain 
quadrangulaire dont une des diagonoles est de 64 mètres, et'les dis- 
tances perpendiculaires de eette diagonale aux deux angles opposés, 
28 et 32 mètres ? Rep. 1920 m. c. 


4. Déterminer le nombre de carrés de planchéiage qu'il faut pour 
couvrir un espace quadrilatère, dont la diagonale est de 108 pieds 
6 pouces, et les perpendiculaires 56 pieds 3 pouces, et 60 pieds 
9 pouces ? Rep. 63 carrés, 475, p. c. 

5. On demande à établir le nombre d’arpents dans une terre de 
quatre côtés dont une des diagonales mesure 70.5 perches, et les per- 
pendiculaires 26.5 et 30.2 perches Ÿ Rep 19 ar, 98.675 per. 


PROBLÈME V. 


Trouver la surface d’un polygone irrégulier, : 


(22) REGLE. Mesurez les diagonales qui diviseront le polygone 
donné en quadrilatères et triangles. Déterminez séparément les surfaces 
de ces figures composantes; leur sommé sera la surface voulue. 

Ex. I. Déterminez la surface C 
du polygone BE, dans lequel BD— 
184, CK=12#, AD—275, BL=9.5, 
EH=14, AE=40, et FG=8. 

Rep. à (BD x CK)=# (18.5 x 
12.8)=118.40=surf. BCD, + (BL+ À 
EH)=#4#{9.5 + 14)=11.75 et surface ï 
quadrilatère ABDE= AD x 3(BL + F 
EH)=27.5 x 11.75= 323.125, surface AEF = AE x 4FG—40 x 4=—160. 
Surf. ABCDEF=—118.40 + 323.125 + 160—601.525. 


2. On demande combien il y a d’acres (l’acre est de 100,000 chaf- 
nons carrés) dans un terrain polygone BE dont les diagonales BD, 
AD et AE mesurent respectivement 13 chaînes (la chaîne linéaire est 
de 100 chaînons),—33 chaînons, 13 chaînes 99 chaînons, et 14 chaînes 
13 chaînons, et dont les perpendiculaires CK = 173 chaînons, BL — 
2 chaînes, EH =2} chaînes et FG 34 chaînes, 

Rep. BD x CK=1333 x 173—230609 + 2—1153044=surf. BCD. 
AD x BL=1399 x 200—279800 : 2—139900 =surf. ABD. 
AD x EH=—1399 x 220—307780 + 2—153890 =surf. ADE. 
AE x FG=1413 x 375— 529875 + 2—92649371=surf. AFF. 


2)13.48064 6.740383 —=surf. ABCDEF. 
6.7408& c-à-d. 6 acres et 740% ch. c. 


1. Voir les bases, faces latérales, sections ou coupes parallèles de certains modèles 
du tableau. 
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ou 6 acres 2 vergées (roods) et 240% chaînons (la vergée étant le quart 
de l’acre, c’est-à-dire, 100000 - 4=—25000 chaînons) 
ou 6 acres, ? vergées, 38 perches, et 282 chaînons (a perche linéaire 
étant le quart d’une chaîne, c’est-à-dire, 25 chaînons, et la perche 
carrée par conséquent—?5 x 25—625 chaïînons carrés. 1 


PROBLÈME VI. 


Déterminer la surface d’une figure longue et irrégulière 
bornée d’un côté par une ligne droite. * 


(23) REGLE. 1° Mesurez, à chaque extrémité de la ligne droite, 
la largeur perpendiculaire de la figure; mesurez aussi cette largeur à 
plusieurs points intermédiaires également éloignés l'un de Pautre. 


2° À la demi-somme des largeurs extrêmes ajoutez la somme des 
largeurs intermédiaires; multipliez alors la somme ainsi obtenue par 
l'une des parties égales de lu ligne de base; le produit sera la surface 
voulue à très près. 





1. La chaîne de Gunter est de 66 pieds anglais, divisée en 100 chatnons, dont 
chacun est en conséquence — 66 = 100 — 7.92 pouces anglais. L'acre équivaut à 1 
chaîne X 10 chaînes’= 10 chaînes carrées — 4 perches X 40 perches — 160 perches 
carrées — 100 chaînons X 1000 chaînons — 100000 chaînons carrés. L'avantage de 
cette division de la chaîne de Gunter en 100 parties consiste en ceci que toutes les di- 
mensions qu'elle sert à établir, sont immédiatement applicables et sans réduction au 
caloul décimal. L'opération faite, on sépare 5 décimales, les chiffres restants à gauche 
étant alors des acres, puisqu'il y & 100000 chaînons dans l’acre et que séparer 5 chiffres 
équivaut à diviser par 100000. II est clair aussi que pour les vergées on n'a qu'à 
multiplier d’abord le reste par 4 pour séparer encore 6 chiffres, ce qui équivaut à di- 
viser de suite par 25000 (nombre de chuinons dans une vergée) et est de beaucoup plus 
expéditif. Pour les perches, en multiplie ensuite le second reste par 40, pour séparer 
encore 5 chiffres, puisque la perche est la 40ème partie de la vergée; ou si l’on voulait 
négliger les vergées, on multiplierait de suite le premier reste par 160 (4 X 40) dont 
on retrancherait de même 5 chiffres. Le dernier reste .45120 est évidemment une 
fraction de perche, c'est-à-dire, {fs de perche; or la perche carrée étant de 625 
choîaons, x5v500 de 625 == .00825 et ce nombre multiplié par le numérateur .45120 
donne les 282 chaînons de la réponse; c’est-à-dire que pour les mailles on multiplie 
tout simplement le dernier reste par 625 et l’on sépare encore 5 décimales. 


2. Les terrains qui avoisinent et sont bornés d’un côté 
par les sinuosités d’un chemin ou d’une rivière, etc., pré- 
sentent souvent au calcul des fizures de cette sorte; ou, 
après avoir déterminé par la méthode du dernier problème d} 
la superficie du polygone rectiligne ABCDE qui fait partie 
du pol irrégulier AbBCDEed 4, on se servira de la méthode 
du problème actuel pour obtenir les parties secondaires et E 
irrégulières AubcB, AdeE. 
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Soit AEea une figure irrégulière ayant pour 
base la droite AE. Aux points A,B, C,Det , 4 d 
E, également éloignés l’un de l’autre, élevez TT TG 
les perpendiculaires Aa, Bb, Ce, Dd, Ec et 
désignez ces perpendiculaires par les lettres À B C D x 
a, b, c, d, e. 


Alors (825 Gt) la surface du trapèze AB ba = 232 x AB, 





la surface du trapère BC cb = +0 % BC, 





la surface du trapèze CD de = 2 








et: la surface du trapère DE ed = 2 * # x DE; 


donc, leur somme, ou la surface de la figure entière est égale à 
( b,b+o,o+d,d+ ‘) x AB, 














2 2 2 2 
puisque AB, BC, etc., sont egales entre elles. Or, cette somme est 
égale à (G+o+o+daxi)+ AB. 


expression qui s'accorde avec l'énoncé de la règle. 


(84) Si Aa devient très petit, on n’en aura 


pas moins surf. ABba =4 +2 x AB et si a ‘a d 
PAR 


. e 
\ et A 8e confondent en un même point, ou que À B © D TE 
le trapèze ABba devienne le triangle ABb on 
a + b _b, 
2 ? 
face do La figure AEadbA dovient (© + te + se ++ 2) x AB, 
ou, ce qui est la même chose, (b+c+d++e)xAB. Et si Ee devient 


aussi, —0, l'expression pour la surface AEdbA prendra la forme 
(b+c+d) x AB. 








aura 





dans ce cas il est clair que l'expression pour la sur- 








Ex. 1. Les largeurs d’une figure irrégulière en 5 endroits égale- 
ment éloignés l’un de l’autre, étant 8.2, 7.4, 9.2, 10.2, et 8.6 et la 
longueur de la base = 40 ; quelle est la surface 1? 
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Une des largeurs extrêmes 8.2 La base entière = 40 
L'autre largeur extrême = 8.6 | Une des parties égales —40-:-4— 10 
— | Somme des largeurs —=35.2 


Somme des largeurs ext. —16.8 | Multipliée par 10 
Demi-somme — 8.4| = surface voulue = 9352 
le Largeur intermédiaire — 7.4 
2e Largeur intermédiaire — 9.2 
3e Largeur intermédiaire —10.2 
Somme des largeurs. =35.9 


2. La longueur d’une figure irrégulière étant de 84 mètres et les 
largeurs, en six endroits équidistants, 17.4, 20.6, 14.2, 16.5, 20.1, et 
24.4 mètres ; on demande la surface ? Rep. 1550.64 m. c. 


8. La longueur d’une lisière de terre est de 125 perches et sa 
largeur prise en 15 endroits différents et équidistants, est de 5.2, 4.6, 
7.2, 8.3, 9.4,8.1, 7.3, 7.9, 6.6, 7.2,7.3, 8.4,7.4, 6.5, et 5.8 perches. 
Quelle en est le contenu ? 


Rep. La somme des demi-largeurs extrêmes et des largeurs in- 
termédiaires= 101.7, la longeur 125--14=-8.92857 et 8.92857 x 101.7 
=908 . 0356 perches carrées. 1 


(25) REM. Certains auteurs enseignent à déterminer la sur- 
face de la figure de ce problème en faisant le produit de la base en- 
tière AE par la moyenne des largeurs que l’on obtient en ajoutant 
ensemble toutes ces largeurs pour diviser ensuite leur somme par le 
nombre de ces largeurs. Cette règle est fautive, et cela, d'autant 
plus qu’il y a un moindre nombre de hauteurs ou de divisions dans 
la figure à estimer. L'erreur de cette méthode, dans le cas ou il n’y 
aurait que trois parties composantes et par conséquent quatre hau- 





1. Si la perche linéaire dont il s’agit ici ent de 18 pieds français, c'est-à-dire, le 
dixième d’an arpent, la surface qu’on vient de trouver équivaudra à 9 arpents carrés, 
8. 0366 perches carrées, oar, comme on l’a déjà fait remarquer, l’arpent carré est de 
10 X 10 perches — 100 perches carrées, et comme la perche carrée est de 18 X 18 
=== 324 piods carrés (ou l’arpent carré de 324 X 100 == 32400 pieds oarrés) on rédaira 
au bosoin la décimale . 0356 de perche carrée en pieds carrés en multipliant par 
324, ce qui donne dans cet exemple 11.53 pieds onrrés. Si, au contraire la perche 
linéaire était de 164 piede anglais, c’est-à-dire celle de la chaîne de Gunter, on aurait 
en divisant par 160, 5 acres, 108. 0366 perches, et si l’on voulait ensuite traduire en 
pieds oarrés, la décimale de perche, il est clair que la perche carrée étant de 164 X 
164 — 272 .25 pieds carrés (ou l’acre — 272.25 X 160 ou 66 X 660 pieds — 43560 
pieds carrés) il n’y aurait qu’à multiplier . 0356 par 272.25 pour avoir 9.69 pieds 
carrés angluis. 

e 
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teurs ou largeurs, pourrait aller jusqu’à 25 pour cent en défaut de la 
surface exacte. Elle donne pour largeur moyenne, dans cet exemple, 
107.2--15 =7. 1466 et 7. 1466 x 125—893.325 perches carrées au lieu 
de 908.035 ; soit un défaut de près de 15 perches carrées de terrain. 


PROBLÈME VII. 


Trouver la surface d’un polygone régulier. ? 


(26) REGLE I. Multiplies (663 G.) le périmètre du polygone 
par son demi-rayon droit, et le produit sera la surface voulue. 


REM. Si le polygone n’est connu que par son côté, détermines 
en d’abord le rayon droit de la manière suivante : Divisez 360° par 
le nombre des côtés du polygone proposé, et le quotient sera (620 &.) 
l'angle au centre ; c’est-à-dire, l'angle sous-tendu par l’un des côtés 
égaux. Maintenant les rayons droit et oblique du polygone forment 
avec le demi-côté un triangle rectangle dans lequel on connaît la 
base, c’est-à-dire le demi-côté, et l’angle aigu opposé, c'est-à-dire, le 
demi-angle au centre, pour trouver la perpendiculaire ou le rayon 
droit du polygone. 


Æx. 1. Soit à trouver l’aire d’un hexa- 
gone régulier dont le côté est de 20 
pieds ? 

. Rep. 9360° :6=— 60 et 602 = 30° 

angle AOG, moitié de AOB. On a aussi 
OAG=—90°-—A0G—60° et AG=10; alors 
(1235 G.) sin. AOG : AG :: sin. OAG : 
OG ; d’où, 





Sin. AOG 30%... nues somm une 
est à sin. OAG 60°... sc commnammmmmmerensmsssee 9.937531 
comme AG 10... ons nncammmmemmmmn ee 1.000000 
est à OG 17.520522. nn nmummscomesssmnmnmuse 1.238561 


Maintenant comme il y a 6 côtés, chacun égal à 20, on aura le péri- 
mètre = 20 x 6—120 et la surf. —120 x 4(17.32052) ou ce qui est la 
même chose=17.32052 x +4 (120)=17.32052 x 60—1039.23120 p. c. 


Ex. 2. Quel est le contenu superficiel d’un octogone dont le 
côté est 20 1 Rep. 1931.568. 





1 Voir les bases parallèles des prismes droits et prismoïdes du Tableau et leurs 
soctious ou coupes parallèles. 


\ 





36 CLEF DU TABLÉAU. 


Car l’angle au centre = 360°_:8—45° dont la moitié 22° 30 est 
l'angle AOG adjacent au rayon droit, et son complément OAG en con- 
séquence=—90°--229 30/—67°.30 ; or on a (1281, 3° G.) OG—AG 
x tang. nat. OAG=10 x 2.41421=%4.41421 et surf. —24. 41421 x 80 
(demi-pér.)=1931 . 368. 

8. On demande l'aire d’un nonagone dont le côté mesure 8 pieds 
et la perpendiculaire menée du centre = 10. 99 pieds ? Rep. 395 .64 p. c. 

4. Trouver l'aire d’un heptagone dont le côté = 19.38 etle rayon 
droit=28 ? Rep. 1899.24. 

5. Le côté d’un pentagone—25 mètres et la distance du côté au 
centre 17 .2 mètres ; quel est le contenu ? Rep. 1075 m. c. 

(27) A l’aide de cette règle, on obtient aisément l’aire d’un poly- 
gone quelconque, 1 c’est-à-dire d’un polygone d’un nombre quelcon- 
que de côtés. Ayant donc calculé et disposé sous la forme du tableau 


suivant, les aires relatives des divers polygones ayant pour côté l’u- 
nité ou 1 ; savoir : 


Nom. Æayon ducercle QC, Rayon du 4, L'ange 


oircons. cercle ins. 
Triangle... 0.5773503 .. 3 .. 0.2886751 .. 0.4330127 .. 30° 
Carré. ....... 0.7071068 .. 4 .. 0.5000000 .. 1.0000000 .. 45 


Pentagone... 0.8506508 .. 5 .. 0.6881910 .. 1.7204774 .. 54 
Hexagone .-. 1.0000000 .. 6 .. 0.8660254 .. 2.5980762 .. 60 
Heptagone .. 1.1523824 .. 7 .. 1.0382607 .. 3.6339124 .. 643 
Octogone 2... 1.3065628 .. 8 .. 1.2071068 .. 4.8284271 .. 674 
Ennéagone... 1.4619022 .. 9 .. 1.3737387 .. 6.1818242 .. 70 
Décagone.... 1.6180340 .. 10 .. 1.5388418 .. 7.6942088 .. 72 
Undécagone.. 1.7747324 .. 11 .. 1.7028436 .. 9.3656399 .. 73% 
Dodécagone.. 1.9318517 .. 12 .. 1.8660254 ..11.1961524 .. 75 


Et parce que (556 Gt.) les aires des polygones semblables sont 
entre elles comme les carrés de leurs côtés homologues, l'aire d’un 
polygone donné quelconque aura au carré de son côté le même rap- 
port que l'aire du polygone de même nom et dont le côté est 1, au 
carré de l'unité ; d’où, on a : 

(38) REGLE IT. Carres le côté du polygone donné ; multiplies 
alors ce carré par Paire du polygone de même nom dont le côté est 1 : 
le produit sera la surface voulue. 





1. Voir les bases et sections parallèles des prismes et prismoïdes, etc., du Tableau. 


2. Dans le cas de l'octogone régulier on même symétrique on obtient de suite la 
surface en retranchant du carré du double rayon droit ou apothème sur l’un des côtés, 
le carré de l’autre côté, comme on le verra plus tard dans le toisé des solides. 
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Ex. 1. Quelle est la surface d’un hexagone régulier, dont le 
côté est 20 ? 


Rep. 20” —400, l'aire de l'hexagone du tableau —2. 5980762, et 
‘2.598076? x 400— 1039 . 2304800, comme auparavant. 


2. Déterminer le contenu superficiel d’un pentagone dont le côté 
est de 25 verges ? Rep. 1075.298375 v. c. 


8. Le côté d’un décagone mesure 20 mètres ; quelle est l'aire ? 
Rep. 3077.68352 m. c. 


4. Trouver la superficie d’un dodécagone dont le côté est 6 ? 
Rep. 403.0614864. 


5. Le côté d’un terrain en forme de triangle équilatéral mesure 
8 arpents 7 perches et 6 pieds ; quel en est le contenu ? 


Rep. 373 per. x 373 per. = 13937 ou 1393.77777, x 0.4330127 = 
603.5234787 ou 6 arpents carrés, 34 perches carrées à peu près. 


PROBLÈME VIII. 


Trouver la circonférence d’un cercle: dont on a le 
diamètre, ou le diamètre d’un cercle dont 
on a la circonférence. 


(29) REGLE. Multipliez (686 G.) le diamètre par 3.1416, et le 
produit sera la circonférence ; ou divises (687 G@.) la circonférence par 
3.1416, et le quotient sera le diamètre. 


Ex. 1. Quelle est la circonférence d’un cercle dont le diamètre 


est 25 ? Rep. 78.54. 
2. Si le diamètre de la terre est de 7921 milles, quelle en est la 
circonférence 1? | Rep. 24881.6136. 
8. Déterminer le diamètre, dont la circonférence est 11652.1944 ? 
Rep. 3709. 
4. On demande la circonférence, quand le diamètre est de 17 
mètres ? Rep. 53.4072. 
5. Un donne la circonférence d’un cercle = 354 pieds pour en 
déterminer le diamètre ? Rep. 112.681. 


1 Voir les bases et sections ou coupes parallèles des cylindres, cônes et troncs de 
cônes droits, troncs et segment de sphères, etc., parmi les modèles du Tableau. 
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REM. Le rapport 7 : 2 donnerait pour ce diamètre  112.6%. 
ce dernier résultat est trop faible de ,4ÿ, d’une unité ou de , 5455 du 
tout, et met en mesure de juger de l’eactitude relative des deux 
rapports. 


PROBLÈME IX. 
Trouver la surfhce d'un cercle. 


(80) REGLE 1. Multipliez (431 G@.) la circonférence par la 
moitié du rayon. 

REGLE II. Multipliez (1024 GL.) Le carré du rayon par 3.1416. 

REGLE XIX. Mulitipliez (dém. de 684 G.) le carré du diamètre 


par .7854. 
Ex. 1. Quelle est la surface d’un cercle dont le diamètre est 10 ? 
Rep. 78.54. 
Si la diamètre était 100, la surface serait. ....._._..... 7854 
Si le diamètre était 1000, la surface serait... __..__..... 785100 
2. On a le diamètre 7 et la circonférence 21.9912 pour trouver la 
superficie du cercle À Rep. 38.4846. 
8. Combien y a-t-il de verges carrées dans un cercle dont le 
diamètre est de 34 pieds ? Rep. 1.069016. 


4. Le diamètre étant 7, quelle est l’aire du cercle ? Rep. 38.4846. 
5. Trouver l'aire d’un cercle dont le rayon est de 304 perches ? 
Rep. 2922.4734 perches carrées. 
(31) REGLE. IV. Multiplies le carré de la circonférence par 
07958 : le produit sera la surface du cercle. Car, soit c la circonférence 
donnée, d le diamètre et x = 3.141599; alors (686 &.) c = xd, et 
C 7d2 
(687 @.) d => ; de là l’aire du cercle — 4 puisque (1024 &.) ia 


surf. d’un cercle dont le rayon est r = r'et que d=4 r; mais puis- 





a=° d'= (© Le t mme 7 à Lx d” d 
= — ct) DR D —— 4 pu 
qued=-,0n 8 (2) —a j et co n LE 
2 a 3 a 
nt = — 0 0 5 1 À .079 
ET 1x x SIA 12.566 Des —°+-07958 


Ex, I, Tiouver l’aire d’un cercle dont la circonférence est 
de 10.25 Rep. 9.196463750. 
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2. Déterm ner, en acres, la superficie d’un terrain dont la cir- 
conférence mesure un mille (soit 80 chaînes de Gunter = 66 x 80 — 
5280 pieds anglais) ? Rep 50.9312. 


PROBLÈME X. 


Trouver la surface d’un anneau circulaire ou l'espace 


compris entre deux cercles concentriques. (”) 


LS 
(32) REGLE. 1. Trouves (1144 G@) par le dernier problème les 
surfaces des deux cercles : leur différence sera la surface de anneau. 
REGLE IX. Multipliez (871 G.) la somme des diamètres par 
leur différence: ce produit multiplié par .7854 sera la surface voulue. 


REGLE IIXI. Multiplies la demi-somme des circonférences des 
deux cercles par la demi-différence de leur diamètres, c’est-à-dire par la 
largeur de l'anneau, et le produit sera la surface demandée. 


Car chaque unité du diamètre correspond à 
3. 1416 unités de la circonférence ; done, si a C 
—=a ÀA= une unité ou partie quelconque du 
diamètre À B ou C D, l’excédant de la circon- 
férence a b sur la cire. C D sera égal à l’excé- 
dant de À B sur ab; d’où « b est moyenne 
arithméthique (1265 G.) entre cire. À et cire. 
C. Maintenant, (428 G.) AE:ac:CF :: 
cire. À B : cire. a b { circ. C D ; donc & ce est moyenne arithmétique 
entre AE, CF ; et puisque l’arc AE, indéfiniment petit, peut être 
considéré (480 G.) comme étant sensiblement une ligne droite, la 
partie À E F C de l’anneau circulaire peut être regardée comme un 
trapèze ; or, surf. trapèze À E F C — (84% G.) a © x AC ; donc 
aussi, surface anneau À C = circ. a b x AC. 





Ex. 1. Combien y a-t-il de pouces carrés dans la surface d’un 
anneau circulaire dont le diamètre extérieur est 30 pouces et la lar- 


geur 24 pouces ? Rep. 215.985. 


2. Les diamètres de deux cercles concentriques sont 15 et 10 : 
quelle est l'aire de l'anneau que forment ces cercles ? Rep. 98.175. 





(1) Tel serait une allée autour d'an jardin circulaire, la coupe horizontale d’une 
colonne évidée, le plan-par-terre du mur d'une tour, une coupe perpendiculaire à l'axe 
d'un tuyau ou conduit, etc, etc. Voir les bases parallèles du cylindre évidé du 
Tableau. 
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8. On demande la surface de l’anneau dont les cercles contenants 


ont pour diamètres 9 et 5 ? Rep. 43. 9824. 
4. Lesdeux diamètres d’un anneau circulaire sont 21 .25,et9.75; 
quel en est le contenu superficiel ? Rep. 279. 9951. 


5. Déterminer la surperficie de l’espace compris entre deux 
cercles concentriques dont les diamètres sont 15 et 16 ? Rep. 24. 3474 


(83) Si les cercles À B, a b, n'avaient pas le 
même centre, comme c’est le cas pour une roue 
excentrique, il est clair qu’on aurait tout de mème À B: 
la surface de l’espace annulaire compris entre les 
cercles en faisant (Règle I) la différence de surface 
de chacun d'eux. ! 


PROBLÈME XI. 


Trouver la longueur d’un arc de cerole. 


(34) REGLE. XI. Multiplies le nombre de degrés dans l'arc pro- 
posé par . 0087266 et ce produit par le diamètre du cercle. 


REDT. 1. Puisque la circonférence est 3 . 1416 quand le diamètre 
est 1, il suit que 3.1416- 360 = 0.0087266 — longueur * de l'arc 
d’un degré, sous un diamètre égal à l’unité. Ce quotieut multiplié 
par le nombre de degrés dans un arc, sera la longueur de cet arc 
dans le cercle dont le diamètre=1 ; et ce produit multiplié par un 
diamètre quelconque donnera la longueur de l’arc dans un cercle de 
ce diamètre. 





1. Coupe ou section centrale de l'anneau excentrique du Tubleau ; projection sur 
un plan des bases opposées d’un tronc de cône oblique. 


2. Voir parmi les modèles du Tableau les arcs limitatifs des segments et secteurs 
de cercle, bases des onglets de cylindre, cônes et troncs de cônes droits, faces latérales, 
des pyramides sphériques et des sections de sphère évidée, ete. 


3. On a déjà eu occasion de faire remarquer et il est d'ailleurs clair que l'exactitude 
d’un résultat est limité par celle des éléments qui y concourent ; il est donc à peine 
nécessaire de rappeler que suivant le degré de précision qu’on se propose, il peut deve- 
nir nécessaire de faire entrer en compte un nombre plus ou moins grand des décimales 
de l'unité de tel élément ; ainsi il est clair que la solution du problème dont il s'agit ici 
peut exiger que l’on remplace le rapport T = 3.1416 dont on se sert d'ordinaire par 
le rapport plus exact 77 == 3. 14159, ou par le rapport encore plus approximatif z = 
3.141592, ZT = 3. 1415926, T = 3. 14159265, etc., avec une décimale additionnelle du 
terme ou facteur Æ pour chaque décimale additionnelle de l’anité du résultat. 
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REM. 2. Puisque la minute est le 60ème du degré, et la se- 
conde le 60ème de la minute ou le (60 x 60) 3600ème du degré ; si 
l'arc proposé contient des minutes, on réduira ces minutes en les di- 
visant par 60, à la décimale d’un degré et si l’on a aussi des secondes, 
on réduira d’abord les minutes en secondes pour diviser ensuite le 
tout par 3600 ; ce qui traduira eomme auparavant en décimales d’un 
degré la partie fractionnaire de l'arc. 

Ex. L. Le diamètre étant de 18 pieds, quelle est la longueur de 


l'arc de 30° ? Rep. 4.712364. 
æ. Trouver la longueur d’un arc de 12°.10’ ou 124°, sous un dia- 
mètre 20 ? Rep. 2.123472. 
8. Dans un cercle dont le diamètre est de 68, quelle est la lon- 
gueur de l’arc de 109.15’ ou10.25° ? Rep. 6. 082396. 
4. On demande la longueur d’un arc de 57° 17’ 44’ ; le rayon du 
cercle étant 25 pieds ? Rep. 25 pieds. 


Car 579 17’ 444/’ est la 3. 1415926ème partie de 1809, c’est-à-dire 
la longueur du rayon en termes de la circonférence. 

5. Déterminer, dans un cercle dont le rayon est 20, la longueur 
d'un arc de 459 4 3” ? Rep. 15. 885. 


RE. 3. Si le nombre de degrés dans l’arc voulu n'était pas 
connu, on y arriverait faci'ement par la méthode d1par. (785 G.) 
où la corde et la flèche de l’arc sont données pour trouver le reste. 


(85) REGLE II. Détermines (185 G.) la longueur de la circon- 
Jérence entière dont l'arc donné fait partie et établissez alors la propor- 
tion suivante, savoir : 360° : la longueur de la circonférence :: le 
nombre de degrés dans l'arc : la longueur de Parc. 


Ex. 1. Sous un rayon 14, quelle est la longueur de l’arc de 600 ? 
ep. 14. 6607720. 


2. La corde À B d’un arc A CBest de C 
30 pieds et la hauteur ou sinus-verse E C 


est de 8 pieds ; trouver la longueur de l’arc? VE DRE 
__ Rep. 55 pieds, près. NP 
8. Quelle est la longueur de l'arc dont 
la corde est 484 et la flèche 184? 
Rep. 64.767 près. D 
&. Si la corde d’un arc mesure 20.386 perches, et son sinus-verse 
4 perches ; quelle est la longueur de l'arc? Rep. 22.402 perc. près. 


5. On demande la longueur d’un arc de cercle dont la corde est 
40 et la hauteur 15? Rep. 53.33 près. 
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(86) REGLE III. On démontre aussi que: L'on obtient, à peu 
de chose près, la longueur d’un arc, en soustrayant de huit fois la corde 
de la moitié de l'arc, la corde de Parc entier, pour prendre ensuite le 
tiers de la différence. 

Ex. 1. La corde d’un arc est de 36.75 et la corde de la moitié de 
l'arc 232 ; quelle est la longueur de l’arc ? Rep. 49.616 près. 

2. Quelle est la longueur d’un arc dont la corde est 50.8 et la 
corde du demi-arc 30.6 ? Rep. 61.66 près. 

REM. Quand on ne connaît que la corde et la flèche de l'arc en- 
tier, on obtient au besain la corde de la moitié de l’arc égale (305 G..) 


à la racine £arrée de la somme des carrés de la flèche et de la demi- 
corde. 


PROBLÈME XII. 


Trouver l'aire d’un secteur de cercle. : 


(87) REGLE I Multipliez (480 2° G.) l'arc du secteur (c'est- 
à-dire la longueur de l'arc) par le demi-rayon. 
REGLE II. Faites l'aire du cercle entier, et établissez ensuite la 


proportion : 360 degrés : degrés dans l'arc du secteur : : l'aire du cercle 
entier : aire du secteur. 


Ex. 1. On demande l'aire d’un secteur, dont l'arc est de 18 degrés 
et le diamètre du cercle 3 pieds ? Rep. 0.353453. 

2. Quelle est la surface d’un secteur dont l’arc est 20 et le rayon 
10? Rep. 100. 

8. L’arc d’un secteur est 147° 29 et son rayon 25; quel est le 
contenu superficiel ? 804 .3986. 


4. Déterminer la surface d’un secteur, quand la corde de l’arc— 
28 et la corde de la moitié de l’arc=16 ? Rep. 275.39 près. 


5. Le rayon du cercle étant 10, quelle est la superficie du secteur 
dont la corde de l'arc est 20 ? Rep. 157.08 

6. La corde de l’arc est 16 et sa hauteur 6 ; quelle est l'aire du 
secteur ? Rep. 58.873 près. 

7. Trouver le contenu d’un secteur dont la hauteur de l’arc —4 
et le rayon—8 ? Rep. 66.858 près. 





1. Voir, parmi les modèles du tableau, les faces latérales des pyramides sphériques 
tri-acutangles, tri-rectangles et tri-obtusangles. 
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PROBLÈME XIIL 


Trouver l'aire d’un secteur d’anneau circulaire ou 
l’espace compris entre deux arcs de cercles 
concentriques. ! 


(88) REGLE I. Multipliez (dém. de 82, R. KII. 7.) la de- 
mi-somme des arcs intérieur et extérieur du secteur par sa largeur ; 
c’est-à-dire par la largeur de Panneau dont le secteur fait partie, ou, ce 
qui est la même chose, par la différence des rayons des arcs concentri- 
ques qui le contiennent. 


REGLE IX. Trouvez par le dernier pro- 
blème les surfaces des deux secteurs concentri- 
ques : leur différence sera la surface voulue. 





Ex. 1. L’arc AEB ou CFD d’un secteur AB d’anneau circulaire 
est de 30°, la largeur AC de l’anneau de 24 et le rayon AO de l'arc 
extérieur de 15 pouces ? Rep. La surface = 17.99875, soit 18 p. c. 


2. Les deux rayons d’un secteur d’anneau circulaire sont 10.625 
et 4.875 et l'angle au centre O ou AOB c'est-à-dire l’arc AEB est de 
270° ; on demande l’air du secteur ? 

Rep. 209.996, soit 210. 


8. Les arcs qui comprennent un secteur d’anneau circulaire sont 
11 pieds 9 pouces et 10 pieds 3 pouces, et la largeur de l’anneau 13 
pouces ; quelle en est la surface ? Rep 11} p. c, 


4, Déterminer la superficie de l’espace compris entre deux demi- 
cercles ayant un centre commun, et dont les diamètres mesurent 20 
et 307 Rep. 39.270 x 5 = 196.35. 


(39) REM. Si les secteurs compo- Ê .0 
sants ABO, CDo n'avaient pas le même 1-7 3 \ 
centre; on ferait d’abord la surface de / | 
l’espace CFDO en ajoutant au secteur C C 
CFDo, ou en lui retranchant, suivant le 
cas, la somme des triangles COo, DOo, . A F3 
pour prendre ensuite la différence entre ° E 
AEBO et CFDO; ce qui est clair. 





1. Voir sur le tableau l'anneau concentrique, base du cylindre évidé. Voir aussi 
les faces latérales des soctions de sphère évidée. 
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PROBLÈME XIV. 


Trouver la surface d’un segment de cercle.! 


(40) REGLE r. 1° Trouvez (483 G.) par l'avant dernier pro- 
blème, l'aire du secteur de méme arc. 2° Trouvez ensuite l'aire du triangle 
formé par la corde du segment et les rayons du secteur. 3° La somme 
de ces surfaces sera (484 G.) celle du segment, si le segment est plus 
grand qu'un demi-cercle, et si le segment est moindre qu'un demi-cercle, 
sa surface sera égale à la différence de ces surfaces. 

Ex. 1. Trouver l'aire du segment  AEB dont E 
la corde AB est 12 et le rayon AC=—10. 

AD 10 comp. ar. log. 9.000000 À ë 
: AD=%AB 6 0.778151 
:: Sin. D 90° 10.000000 





. Sin. ACD 969 52/=43%6.879 9.778151 
X 2 


= 73.74 = les degrés dans l'arc AEB. 

Alors 73.74 x (84 IREM. 1. T.) 0 0087266 x 20 = 12.87— 
longueur (près) de l’arc AEB et AEB x 4AC=—12. 87 x 5=64.35= 
surf. secteur AEBC. 

Maintenant CD—=YAC3—AD?=—Y10036—464 = 8 et 6 x 8 —48 
surface du triangle ACB. De là, sect. AEBC— ABC=—64 .35—48— 
16. 35—=seg. AEB. 


æ. On demande l'aire du segment dont la hauteur est 18 et le 
diamètre du cercle 50 ? Bep. 636 . 3138. 


8. La corde d’un segment—16, le diamètre=20 ; quelle est la 
surface ? Rep. 44 . 764. 


4. L'arc d’un segment contient 90° sous un rayon =9; quelle est 
la surface ? Rép. 23. 1174. 


5. Déterminer l'aire d’un segment dont la corde de l’arc est 24 et 
la corde de la moitié de l’arc=—13 ? Voyez (536 ou 539 G.) 
Rep. 82. 5334. 
(4X) REGLE IE. 1° Divisez la hauteur ou Le sinus-verse par le 
diamètre et trouvez le quotient dans la table des sinus-verses à la fin de 
ce volume. 29 Mulliplies alors le nombre à la droite du sinus-verse par 
le carré du diamètre, et le résultat sera la snrface demandée. 


x 








1 Voir parmi les modèles du tableau les bases et coupes parallèles de certains 
onglets de cylindre, cône, sphère, fuseau, etc. 
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(42) La table dont il est question contient les surfaces ou aires 
des segments d’un cercle dont le diamètre est 1 et que l’on suppose 
divisé en 1000 parties égales. On y trouvera donc la surface d’un 
segment ayant pour hauteur la millième partie du diamètre, celle 
d’un segment dont la hauteur égale les ? millièmes du diamètre, celle 
du segment ayant pour hauteur ou sinus-verse les Ër du diam. et 
ainsi de suite jusqu’au segment dont la hauteur est de 9% du diam. 
c’est-à-dire jusqu’au demi-cercle en entier. 

(48) Il est clair que cette règle est analogue à la règle II du 
problème VII et qu’elle n’exige pas une démonstration spéciale ; car 
il suffit de rappeler, pour en faire comprendre l'exactitude, que dans 
deux cercles différents les segments semblables sont (211 G.) ceux 
qui correspondent à des angles égaux au centre et dont les cordes 
(double-sinus (4216 G.) des moitiés de ces angles) et les sinus-verses 
ont en conséquence entre eux le rapport des diamètres de ces cercles 
et que (557 G.) ces figures semblables sont entre elles comme les 
carrés de ces diamètres. 

(44) Il est a peine nécessaire d'ajouter que s’il s’agisait d'un seg- 
ment plus grand que le demi-cercle on n'aurait qu’à opérer sur l’autre 
segment, pour le retrancher ensuite du cercle entier, et si le quotient 
du sinus-verse donné par le diamètre ne se trouve pas dans la table, 
il sera facile de déterminer par une simple proportion la différence 
de surface correspondant à la partie fractionnaire de tel sinus. 

Ex. 1. Le sinus-verse d’un segment de cercle étant 10 et le dia- 
mètre 50: trouvez l'aire du segment ? 

Rep. 10--50= 1$ = } = .2 = sinus-verse de la table ; l'aire qui 
correspond à ce sinus-verse est .111823 laquelle multipliée par 2500 le 
carré du diam. donne pour surf. du segment proposé 279,5575. 

2. On demande la surface du segment dont la hauteur est 6 et 
le diam. du cercle 21? 

Rep. 6-21=.9,—=2—.285$—.sinus verse de la table, 


auquel correspond surf..-..-..-....._............ “... . 184521 
La surface qui correspond au sinus-verse plus grand sui- 

vant est.................smsmssasssssssssscsmmssse . 185425 
La différence entre ces surfaces est..............__.._.. . 000904 
Cette différence x $, c’est-à-dire x 5 et-7 donne pour surf. 

cor. à 5... ssnsssensssssscss . 0006416 
A laquelle j'ajoute la surf. qui cor. à 285.....__......... . 184521 


Pour avoir la surface entière du segment 2855 de la table. .185167 
Maintenant, multipliant par le carré du diam, 21 x 21=. A 441 


On obtient pour surface du segment proposé. ........_... 81.658647 
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8. Trouver l’aire d’un segment dont la hauteur est ? et le diam. 
527 Rep. 26.88. 


4. Le sinus-verse est 5 et le diam. 25; quelle est l’aire du seg- 
ment ? Rep. 69. 889375. 


&#. La hauteur d’un segment est 9 pouces et le diam. 3} pieds; 
trouvez la surface ? Rep. 205 .4118 pouces carrés. 


PROBLÈME XV. 


Trouver la surface d’une zone de cercle, ou l’espace 
compris entre deux cordes parallèles quel- 


conques et leurs arcs interceptés. ! 


(45) REGLE HI. Trouvez d'abord par la méthode du par: 
(574 G.) etc., le diamètre ou rayon du cercle et les autres éléments du 
calcul à faire. Déterminez ensuite (43% G@.) séparément par les pro- 
blèmes déjà donnés les surfuces des secteurs et des triangles composants, 
pour en prendre la somme, ei la zone est centrale ; où si la zone est soit 
centrale ou latérale, déterminez par le dernier problème les surfaces des 
deux segments ayant pour cordes les cordes de la zone ; la différence 
entre ces segments, on entre le cercle entier et la somme de ces segments, 
sera la surface voulue, 


Ex. 1. Les deux cordes parallèles 
d’une zone sont 12 et 20 et leur distance 
perpendiculaire est 13; quelle est la 
surface ? Rep. 252.87859. 


2. Trouver l'aire d’une zone de cer- 
cle dont les cordes parallèles mesurent 
12 et 16 et la distance entre elles 2 ? 

Keep. 28.379. 


8. Déterminez le contenu superficiel 
d’une zone dont les côtés sont 96 et 60 K 
et la largeur 26? Rep. 2136.82 








1. Voir, parmi les modèles du tableau les bases et coupes parallèles de certains 
nglets de cylindre, cône, sphère, ete. 
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_ 4. Si deux cordes parallèles d’une zone circulaire sont 20 et 15 
et leur distance perpendiculaire 17.5; quelle est la surface Ÿ 
Rep. 395.4369. 

5. On demande l’aire d’une zone dont chacune des cordes paral- 
lèles est 40 et la largeur 36? 

6. L’une des cordes parallèles d’une zone de cercle est de 30 et 
passe par le centre du cercle, l’autre est de 16 ; on demande la surface. 

REM. On pourrait aussi considérer le segment donné comme 
composé du trapèze ABFD et des deux segments égaux AD, BF pour 
en déterminer de cette manière la surface. 


PROBLÈME XVI. 


Touver la surface d’une lunule, ou l’espace compris 
entre les arcs de deux cercles excentriques 
qui s’intersectent. 


(46) REGLE. Trouvez (486 G.) par l'avant dernier problème 
les aires des deux segments qui vont à former la lunule: leur différence 
sera la surface requise. 





Ex. 1. La corde AB d’une lunule AEBLA est 20 et les hauteurs 
des segments composants AEB, ALB sont 5 et 8; quelle est la sur- 


face de la lunule ? Rep. 49.392701 
2. La corde—20, et les hauteurs des segments 10 et 2; quelle 
est l'aire de la lunule ? Rep. 130 2041. 


8. Déterminer la surface d’une lunule dont la longueur de la 
corde est 48, et les hauteurs des segments 18 et 7? Rep. 408.608. 

&. La base AB d’une lunule est 10 et les rayons AC, AD des 
deux arcs contenants AEB, ALB sont 7 et 6; trouvez La surface, 


5. La corde d’une lunule étant 10 et les hauteurs des segments 
15 et 13; quelle est la surface ? 





1. Voir parmi les modèles du tableau les bases opposées et la coupe parallèle de 
l'onglet de cylindre évidé. 


48 CLEF DU TABLEAU. 


PROBLÈME XVII. 


Trouver ‘ la circonférence d’une ellipse. 


(47) Cette figure que fait voir toute coupe FI, AD (997 G.) ou 
FE, RN (1099 G.) d’un cylindre, ou be (1053 G.), ac (1056 G.) 
d’un cône par un plan qui étant incliné à l’axe de ces solides en ren- 
contre les deux côtés, se présente fréquemment à la considération du 
mesureur. ? On la retrouve dans le cirque, l’amphithéâtre, le par- 
terre, etc., et sur une plus petite échelle dans l’œil-de-bouc, etc., 
mais c’est surtout la demi-ellipse que l’on rencontre, dans la coupe 
des voûtes de toutes sortes, dans la tête cintrée d’une porte ou 
fenêtre, ou d’une ouverture arquée entre deux appartements, etc. 


(48) On serait peut-être tenté de croire, au premier abord, que 
la circonférence de l’ellipse dût ètre une moyenne arithmétique entre 
les circonférences de deux cercles ayant ponr diamètres respectifs 
les grand et petit diamètres de l’ellipse, ou ce qui est la même chose, 
que cette circonférence dût être égale à celle d’un cercle dont le 
rayon serait égal à la demi-somme des grand et petit rayons de 
l’ellipse, c'est-à-dire dont le rayon serait moyen arithmétique entre 
les demi-diamètres de l’ellipse ; et il en est à peu près ainsi pour les 
ellipses dont les diamètres ne diffèrent, l’un de l’autre que de 25 à 20 
pour cent; mais pour se persuader qu’il n’en est pas toujours ainsi, 
on n’a qu’à recourir à un cas extrême (comme on l’a déjà fait au par. 
(S28 G.). En effet, supposons que pendant que le petit axe de l’el- 
lipse est 1, le grand axe soit 1,000,000 ; il est évident que la circonfé- 
rence d’uné telle ellipse sera sensiblement égale au double de son 
grand diamètre, c-à-d. 2,000,000 pendant que la demi-somme 500000 
+.5 ou 500000 (car on peut négliger le 5), des axes x 3.1416=— 
1, 570809 ; et si le petit diamètre était infiniment petit relativement 
au grand supposé égal à 2, la circonférence exacte serait 4, (double du 
grand axe) pendant que la circonférence moyenne arithméthique ne 





1 Quoïqu’on ne puisse à l’aide des principes dont il a été question jusqu'ici, donner 
une démonstration de cette règle el des quatre suivantes; on a cru cependant devoir 
los insérer ici pour compléter les règles nécessaires au toisé des surfaces planes, ou de 
celles (1140 G. D'ail.) qui étant à simple courbure, peuvent se développer en sur- 
faces planes. ° 

2 Voir parmi les modèles du tableau, les bases et coupes des cylindres, cônes et 
condides, ete. obliques et des troncs de ces corps. Ces ellipses sont de divers degrés 
d'exoentricité ou ont leurs diamètres dans des rapports vari6s. 
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serait que de 3.14159, ete,, l'erreur étant dans ce cas de 4—3 1416— 
8584 ou près d'un quart. Maïs, si l’on ne peut correctement obtenir 
la circonférence d'une ellipse, de cette manière, il est démontrable 
qu'on y arrive exactement par la méthode suivante : 

(49( REGLE I. Multipties la racine carrée de la demi-somme 
" des carrés des deux diamétres de lellipse par 3.1416, et le produit sera 
da circonférence voulue. 

Ex. 1. Le grand diamètre AB d’une 
ellipse est 15 et le petit diamètre 12; quelle 
en est la circonférence ? 


REP. (A5 + CD” CD”) (89 G.)=V1845 = 13. 


583 et 3.416 x 13.583—42.6723528. 





2. Les grand et petit axes étant respectivement 5 ct 20; déter- 
miner la périphérie de l’ellipse ? Rep. 69.3979. 

8. Les demi-diamètres d’une ellipse sont 124 et 7+; quelle est 
le périmètre ? Rep. 64.7667. 

(50) Il est clair que la demi-ellipse CBD est égale en périmètre 
et cn surface à ln demi-ellipse ACB, et que chacune d'elles a pour 
mesure l1 demi-circonférence et la demi-surface de l’ellipse entière. 
Cette règle ct la suivante qui enseignent à trouver la circonférence 
et la surface de l’ellipse entière fournissent donc aussi le moyen 


d'arriver au périmètre ACB ou CBD ou à la surface de la demi-ellipse 
de même nom. 


1l est de plus évident que tout autre diamètre EH divise l’ellipse 
en deux parties de même surface et de même périmètre. 

(31) IT est une propriété importante de l'ellipse qui nous permet de 
la tracer avec facilité ou de découvrir si une figure curviligne qui res- 
semble à une ellipse en est une ou non ; c'est que la somme FC +F'C, 
EG + F°G, des rayons menés de deux points F, F’ situés sur le grand 
diamètre et qu’on nomme foyers ou centres de l’ellipse, à un troisième 
point quelconque C ou G, etc., sur sa circonférence, est constante et 
égale au grand diamètre AB ; or il est clair que cette propriété là 
mème nous permet d'établir les foyers. En effet, les deux diamètres 
d’une ellipse quelconque étant donnés, du point C ou D extrémité 
du petit axe, comme centre et avec un rayon CF=CF’=OA ou OB=— 
3 AB on intersectera AB en F et F’ les foyers voulus; puis, des 
points F et F” comme centres, avec des rayons FG, F’G dont la 
somme — AB, c’est-à-dire, avec un rayon quelconque FG moindre 
que FB et un autre rayon F’G égal à la différence entre le premier 
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rayon FG et le diamètre AB, l'on trancern des arcs dont les intersec- 


tions en G donneront un point, et en répétant l’opération üne suite 
de points par lesquels on fera passer une courbe qui sera l’ellipse 
voulue. 


(52) Ou, l’on fixera en F et F’ des aiguilles auxquelles on atta- 


chera les extrémités d’un fil d’une longueur telle que l’on ait FC+. 


F"C ou FG + F'G= AB ; il suffira alors de tenir le fil tendu au moyen 
d’un crayon ou d’une pointe que lon promènera tout autour des 
deux foyers pour compléter le tracé de l’eilipse. 

(33) Pour faire la même opération sur une grande échelle ; après 
avoir pris FG ou F’G à volonté, moindre que AF” ou BF, mais plus 
grand que AF ou BF’, connaissant l’autre rayon = AB — FG ou AB — 
F'G, suivant le cas, et FF’ étant aussi connu=2 OF=2VGF:-— COS 
=2 VOA? OCT on aura qu’à calculer l’un FF’G ou F’FG des deux 
angles à la base du triangle GFF’ et mener l’un des deux rayons de 
la longueur voulue et sous l’angle requis pour donner uu point G de 
la circonférence proposée ; cette opération répétée donnera une série 
de points par lesquels on fera passer une ligne qui sera la circonfé 
rence demandée. Observons aussi que l’on s’exempterait le mesu- 
rage du rayon GF ou GF"”’, en calculant chacun des angles en F et en 
F’ pour opérer ensuite une intersection G des directrices FG, F’G. 


(54) Ajoutons qu’une construction géométrique ou graphique 
sur une petite échelle aurait l’avantage de donner d'une manière 
plus expéditive et souvent assez exacte tous les angles GFF”', GF'F, 
etc., nécessaires à le détermination des intersections ou points G du 
périmètre voulu. 


(55) On trace encore l'ellipse comme suit : Soit ac— AO ou BO le 
demi-grand axe, ab = CO ou DO demi petit axe. En faisant mouvoir 
la droite ac de manière à tenir le point c sur le diam. DC et le point 
b sur le diam. AB, le point a décrira l’ellipse voulue. Dans la pra- 
tique la droite ac est une tige ou tringle quelconque, avec des ai- 
ou points saillants eu a, b et c, et l’on dispose à l’endroit des dia- 
mètres AB, CD des tringles, rainures ou coulisses pour servir de 
guides aux points betc. 


(56) REGLE IX. Quand les diamètres ne sont pas très inégaux, 
on obtient assez correctement la circonférence de l’ellipse en faisant le 
produit de la demi somme de ces diamètres par 3.1416. 


Ainsi les trois derniers exemples calculés de cette manière don- 
nent respectivement pour réponses 42.41 au lieu de 42.67, 69. 11 au 
lieu de 69.40, et 62.83 au lieu de 64.76; c’est-à-dire, que quand la 
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différence entre les diamètres n'excède pas à ou + ou quand le 
rapports entre les diamètres sont ceux de 5:6 ou de 4:5, l'erreur 
daas le résultat ne va pas au-delà de ;}yr ou rés, et lorsque la diffé- 
rence entre les diamètres est de # ou que ces diamètres sont entre 
eux comme 15:25 l'erreur devient ;, à peu près du résultat entier. 
Quand les diamètres sont entre eux comme 1:2%, les circonférences 
obtenues par les deux règles sont entre elles comnfe 47.12 : 49.66, 
l'erreur étant dans ce cas 4 près. Les diamètres étant comme 1 :3 
les circonférences sont à peu près :: 63 : 70, l'erreur étant dans ce cas 
de 4 près. Quand les diamètres sont :: 1:5, les circonférences sont 
::94:1138 et l’erreur de + près. Enfin si les diamètres étaient entre 
eux ::1:10 les périmètres seraient :: 173 : 223, et l’erreur de 3, ou 
de + près. Ce qui mettra en mesure de faire choix de l’une ou l’autre 
règle suivant le degré d’exactitude voulue dans le résultat. 


REM. D'ailleurs il est clair qu’on pourrait aussi, après avoir 
trouvé la circonférence voulue, d’après cette seconde règle, la cor- 
riger par l’addition du taux d'erreur ou de défaut proportionné au 
rapport entre les diamètres, et tel qu’établi plus haut. 


‘ PROBLÈME XVIII. 


Déterminer la surface d’une ellipse. * 


(57) REGLE. Multiplies le produit des deux diamètres par 
.7854 ; le résultat sera la surface voulue. 


Ex. 1. Quelle est l’aire d’une ellipse dont les diamètres sont 
24 et 187 Rep. 24x18=43%= AB x CD, et 432 x .78542Z 
339.2928=surf. ACBD. 


2. Si les axes d’une ellipse sont 35 et 25, quelle en est l’aire ? 


Rep. 687.225. 
3. On demande l'aire d’un ovale dont la longueur est 70 et la 
largeur 50 ? Rep. 2748.9, 


4. L’axe majeur d’une ellipse mesure 840 chaînons, l’axe mineur 
612 chaînons : on demande le nombre d’acres dans cette enceinte ? 
Rep. 4 acres 6 perches. 


(SS) REM. Puisque la règle donne pour surface de l’ellipse 
l’expression AB.CD x .7854 ou ce qui est (87 G.) la même chose 





1 Les faces composantes de plusieurs des modèles du “tableau” présentent des 
ellipses do divers degrés d’excentricité ou dont les diamètres sont entre eux dans des 
rapports variés. 


52 CLEF LU TABLEAU. 


___ __L_N\N3 
(vx8.0p) X .7854, il suit évidemment que l'ellipse est égale en sur- 


face à un cercle dont le diamètre serait moyen proportionnel entre les 
deux diamètres de l’ellipse. Soit d ce diam. moyen, on à AB:d::d:CD 


et puisque (104 G.) AB”: d° :: d’: CD” il est clair aussi que la surface 
de l’ellipse est moyenne proportionnelle entre celles des eercles inscrit et 
circonscrit, c’est-à dire, entre celles de deux cercles ayant pour diamètres 
respectifs les deux diamètres de lellipse. 


(59) REM. Aidés des deux règles qui enseignent à déterminer 
la circonférence et la surface d’une ellipse ; on pourra les substituer 
avec avantage à la méthode moins précise et plus longue du par. 
(437 G.) dans l'estimation des périmètres et surfaces des bases cur- 
vilignes, c’est-à-dire, (47 "Æ.) elliptiques, du cylindre oblique et 
du tronc de cylindre (997 et 1699 G.) ainsi que celles du cône 
oblique et du tronc de cône (1055, 1065, 1067, 1140, ctc. G.) 


PROBLÈME XIX. 
Trouver la surface d’un anneau elliptique. 


(60) REGLE I. Déferminez séparément les surfaces des deux 


ellipses concentriques, et prenez en la différence qui sera la surface 
voulue. 


REGLE IT. Aultipliez la demi-somme des circonférences paral- 
lèles des deux ellipses limitatives par la largeur de l'anneau. 


Ex. 1. Quelle est l’aire d’un anneau cl- 
lptique dont les diamètres intérieurs sont 
10 et 20 et les diamètres extérieurs 12 et 22 ? 


Rep. 10+20+.7854—157.08, 12 x 22 x 
.7854—207.3456 ; la différence 50.2656 de ces 
deux résultats est la surface voulue de l’an- 
neau. | 





2. La circonférence extérieure d’une ellipse est 100, la circonfé- 
rence intérieure 90, la largeur de l’espace intermédiaire étant de 
3.5; on demande la surface de l’anncau ? Rep. 332.5. 

8. Déterminer la superficie d’un demi-anneau elliptique, dont les 
périmètres parallèles mesurent 93 et 77 pouces et la largeur 10 pces ? 

. Rep. 850 pouces carrés ou 5.908 picds. c. 
4. Evaluer l’aire d’une partie quelconque Aa cC d’un anneau 
elliptique, dont l’arc extérieur AC est 15, l’arc parallèle ac 12, et la 
largeur 3? Rep. 405. 
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RE. Il est à peine nécessaire d'observer que si la largeur de 
l'espace annulaire n’était pas partout égale, on même si lellipse inté- 
rieure avait une position quelconque par rapport à son enveloppe 
extérieure, ou un rapport quelconque entre ses diamètres, on n’en 
obtiendrait pas moins la surface voulue par la première des deux 
règles de ce problème. 


PROBLÈME XX. 


Trouver la surface d’un segment d’ellipse dont la.base 


est parallèle à l’un ou à l’autre axe de l’ellipse. ? 


(61) REGLE. Divisez la hauteur du segment par celui des deux 
diamètres dont cette hauteur fait partie, et trouves dans la table 
annexée à ce traité le segment de cercle dont le sinus-rerse est égal au 
quotient. Fuites alors le prodruit continu du seyment ainsi trouvé et 
des deux axes de l'ellipse ; ce produit sera la surface voulue. 


Ex. 1. Evaluer l'aire du segment 


elliptique AGH dont la hauteur Hô 
10, et les deux axes AB, CD, et et ? = 


2. Quelle est la surface d’un segment d'ellipse, dont la base GH 
est à 36 du centre O, les axes étant 1920 et 40. Rep. 536.75. 


&. Déterminez la surfice d’un segment d’ellipse, dont la hauteur 
CL est 8 pouces; les deux axes étant 4 et 3 pieds. Rep. 


(62) REM. Si les segments d’ellipses ACD, acd, ace, de la fig. 
du par. (1140 G.) répondent à la définition de l'énoncé de ce prob. 
on pourra au besoin faire l'application de la règle ici donnée pour en 
exprimer les surfaces. On estimerait de même au besoin la superficie 
du segment d’ellipse qui forme la surface supérieure de l'onglet fig. 
2 du par. (1148 G.) Et si le segment à estimer était la sone ou 
partie AEFB, CGIID, on aurait la surface voulue égale à la différence 
entre les demi-ellipses ACB, CAD et leurs segments respectifs ECF, 
GAI. 


1 Plusieurs des onglets de cylindre, de cône et de sphéroïde du tableau présentent 
dans leurs coupes ou sections des segments d'ellipse, les una plus grands, les autres 
plus petits que la demi-ellipse ; d’autres, des demi-ellipses; d’autres enfin, des sones 
d’ellipse. 
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PROBLÈME XXI. 
Trouver la surface d’une parabole. 1 


(68) Cette figure est celle que présente la coupe d’un cône 
par un plan parallèle à son côté incliné. (ADC, üg. du par. (1140 G.) 
en donne une idée). Elle a ceci de particulier que tout point E, H, 
ete., de la courbe est également éloigné d’un point F qu'on appelle 
foyer et d’une droite M N perpendiculaire à l’axe CD) qu’on appelle 
directrice et dont la distance SC du sommet C de la parabole est 
égale à la distance FC du foyer au sommet; c’est à dire que l’on a 
toujours EF =EM, HF =HN,etc; or on démontre que l'endroit 
F du foyer se trouve en bissectant BD en T, joignant CT, et menant 
TR perpenditulaire à CT pour avoir DR=CF=CS. Le foyer F 
trouvé et la position de la directrice MN déterminée, on trace la 
courbe en menant un série de droites indéfinies GI (appelées ordon- 
nées) parallèles à AB ou perpendiculaires à l’axe CD ; puis, du foyer 
F comme centre et avec un rayon US égal à la distance. entre les 
parallèles GH, MN on intercepte GH en G et H, ce qui détermine 
deux points dans le périmètre de la parabole. Cette opération suff- 
samment répétée dounera une série de points, par lesquels on fera 
passer une courbe qui sera la figure voulue. 

(64) On trace encore la parabole à l’aide d’une équerre abc, dont 
la branche be est égale à la distance de la directrice MN à la base 
KL de la parabole proposée. A l'extrémité c de l’équerre et au foyer 
F, l’on attache un fil cGF égal en longueur à cb. On glisse alors la 
branche «ab de l’équerre le long de la directrice MN en tenant en 
même temps le fil tendu le long de la branche bc, au moyen d’une 
pointe ou crayon dont le mouvement décrit la parabole voulue. 

(65) REGLE. Mauliipliez la base par la hauteur et prenez les deux 
tiers du produit pour la surface voulue. 

Ex. 1. Trouver la surface de la parabole 
ACB dont la base AB est 20 et la hauteur 
CD 18 ? Rep. 210. 

2. La base d’une parabole est 13.5, et la 
bauteur 11.25; quelle en est l’aire ? 

Rep. 101.25. 


3. CD=10, AD=8 ; quelle est la surface ? 
Rep. 106i. 








1 Cette figure, commo toutes les autres figures dont traite 19 “toisé des surfaces * 
se trouve parmi les fac*s onnst tuantes des modèles du Tableun, voir à cot effet, les 


onglets de cône et de convide. 
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(66) REM. Il suit de la définition de la parabole que toute partie 
GCH, ECV de la parabole ACB terminée par une base GH, EV, 
parallèle à AB, est encore une parabole, et non un simple segment, 
comme dans le cas de l’ellipse ; car le cône peut-être sensé coupé par 
un plan parallèle à sa base et cela tant en decà qu’au delà de cette 
base en KL sans cesser d'être un cône et par conséquent, sans que la 
définition de la section KCL ou ECV, ete, en soit aucunement altérée. 

D'où il résulte que pour arriver a la surface d’une zone, d’un seg- 
ment AEVB de parabole par une ligne quelconque EV parallèle à sa 
base, on n’aura qu’à prendre la différence des paraboles entière et 
partielle ACB, ECV. 

(67) Il y x encore, l’hyperbole ! (section d’un cône par un 

L’hyperbole ACB re voit à l'endroit des coupes ou sections de certains onglets de 
cône et de conoïde que l’on trouvera parmi les modèles du Tubleau. 

Cette courbe est, mais dans un seus inverse; 
analogue à l’ellipse. Aivsi, pendar.t que dans l'el- 
lipse (51 T.); c’est La somme des rayons menés 
des deux foyers qui est constante ou invariable, 
dans l’hyperkole, au contraire, c’est la différence 
de ces mêmes rayons qui demeure constante ; ce 
qui fait que les deux moitiés, parties ou branches 
de la courbe (hyperboles conjugécs comme on les 
appelle) présentent l’une à l’autre, non leurs côtés A4 
concaves comme dans l’ellise, mais lours extré- 
mités, sommets ou côtés convexes. Pour tracer cette courbe sans conditions de dimen- 
sions, c’est-à-dire, sans conditions quant aux dimensiors du cône ou quant à la position 
du plan de section, ayant pris à volonté deux points, F, F, éluignés l’un ds l’autre 
d’une distance arbitraire, puis de l’un de ces points ou foyers aveo un rayon quelconque 
ayant décrit de chaque côté de l’axe, (c’est-à-dire, de la ligne qui relie les foyers) un 
arc, l’on décrira de l’autre foyer comme centre et aveo un rayÿun excédant le premier 
d'une différence donnée deux autres ares qui à l’endroit de leur intersection aveo les 
deux premiers arcs détermineront 2 points de Ia courbe voulue, L’on repétera cette opé- 
ration avec deux nouveaux rayons, prenant garde toutefois que le second rayon excède 
toujours le premier de la différence donnée, (laquelle comme on la vu doit demeurer 
constante } ce qui fournira deux autres points dans la courbe à décrire; et l’on conti- 
puera à déterminer ainsi d’autres points de la courte jusqu’à ce que leur suite et direction 
rendent évident le parcours de l’hyperbole. Si, maintenant, l’on transpose les rayons, 
il est clair que l’on aura une nouvelle série de points, celle de l’hyperbole conjugée. 
On appelle centre de l'hyperbolo comme et l’ellipse le point O qui est à mi-chemin 
entre les deux foyers. 

L'on peut encore, comme pour la parabole et l’ellipse tracer l’hyperbole par un 
moyen mécanique. Pronant une règle que l’on assugettira par un bout, à l'un des 
foyers de la courbe à décrire, et de manière que la règle soit mobile autour du dit foyer, 
l’on roliera l’autre extrémité de la 1ègle au second foyer par une corde ou ligne qui 
devra être moins lorgue que la régle, de la diflérence voulue entre les rayons ; alors un 
crayon ou une pointe qui tiendra la corde tendue et en même temps en contact avec la 
règle décrira, pendant que la règle tournera autour du premier foyer, l’hbyperbole vou- 
lue et la transposition de la règle et de la corde permettra de décrire à volonté l’autre 
branche de la courbe. 
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plan qui en rencontre la base sous un angle plus grand que celui que 
fait le côté du cône avec cette base) la Cycloide, (que fait décrire 
à un poiut situé sur la circonférence d’un cercle maintenu dans un 
même plan, une révolution entière du dit cercle le long d’une droite 
qu'on appelle base de la courbe, laquelle ressemble fort à une demi- 
ellipse, fig. du paragraphe (68) et plusieurs autres figures cur- 
vilignes, dont on peut avoir à évaluer les surfaces et périmètres, 
et pour lesquelles il existe des règles spéciales qui permettent d'en 
établir avec toute la précision voulue les aires et circonférences rela- 
tives ou absolues ; mais on remarquera ici comme on l'a déjà fait 
(1436 &.) qu'il y aura généralement à s'enquérir tout d’abord de 
l'espèce même de la figure proposée ; et le travail seul qu'exigerait 
cette opération préliminaire serait souvent enffisant pour décider de 
recourir de suite à la méthode du problème suivant. 


(6S) Un œil mênie exercé aura souvent peine à se rendre compte 
de la nature de la figure à estimer, et l'on commettra parfois d'assez 
graves erreurs en s’y méprenant. ya 
par exemple la courbe AECFB, dite anse- 
de-panier et d'autres de cette sorte qu’on 
retrouve souvent dans la coupe d'une B 
voûte et dans la tête cintrée d'une ouverture, et qu’on serait peut être 
quelquefois tenté de prendre pour une ellipse, afin d'en évaluer le 
contenu superficiel d'après la règle applicable à cette figure; or, l’on 
voit que dans le cas actuel la différence AECr + BFC7 (ou 2 AEUe) 
entre les deux figures, peut étre trop considérable pour permettre de 
la négliger. 





PROBLÈME XXIL 


Déterminer la surface d’une figure curviligne 


quelconque. 


(69) REGLE. Divise: la figure entière, si elle est irrégulière, 
(c'est-à-dire. si les parties correspondantes ne sont pas symétriques) la 
snoitié où le quart, si elle est réquiière, en trapèses de même largeur ou 
hauteur, et procédez ensuite à lu manière du problème VI., doublant ou 
quadruplant au besoin la surface ainei trourée pour aroir l'aire entlère 
de la figure. 
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(70) La méthode d'évaluation par trapèzes, sera d'autant plus 


exacte qu'il y aura dans la figure à estimer des concavités et con- 
vexités adb, bec, compensatoires l’une de l’autre, comme l’on en remar- 





(*) Parmi ces figures, a est l'ove ou ovale; (telle est la coupe verticale de l'œuf, 
eto.,) b est l'ellipse, (telle est la coupe du melon, etc.,) ou toute autre figure analogue, 
l'œil-de-bouo, la coupe du sphéroïde, l’amphithéâtre, eto. ; cest la demi—ellipse, anse- 
de-pauier, cycloïde, tête cintrée surbsissée d’une ouverture, coupe d’une voûte, etc. ; 
d, une figure curviligne irrégulière quelconque ; e, une parabole ou autre figure ana- 
logue, hyperbole, tête cintrée surhaussée d’une ouverture, coupe d’une voûte, coupe 
verticale d’un conoïde, d’un dôme, etc. ; f est l’arche rampante ou Ia coupe d’une voûte 
inclinée ; g est la surface latérale ou convexe développ‘e d’un onglet de cylindre droit ; 
h, la surface latérale développés d’un onglet de cône droit ; mle développement de Ia 
surface d’un onglet de cylindre ou de cône oblique. Les lunettes ou intorsections 
de voûtes, dont on a fait déjà mention à l’article (114 G.) présentent aussi des 
surfaces dont le développement offre à la considération du mesureur les trois dernières 
fgures que l’on vient de définir. La surfface latérale développée d’un tronc de cylindre 
droit présente la forme {, et il suit du par. (99'7 Gt.) et de la dém. du par. (1099 
G) qu'il suffit de multiplier Ia demi-somme de sa moindre et de sa plus grande hauteur 
tr, re, par la longueur op perpendiculaire à rs ou vt, cette largeur étant évidemment 
égale à la circonférence developpée d’une section du cylindre par un plan perpendi- 
culaire à son axe ou côté, Lo développement de la surface latérale d’un cylindre 
obliqas (®9'7) présente la figure n, dont la hauteur rs qui est celle du côté incliné du 
cylindre, est partout uniforme, l’aire de l’enveloppe étant par conséquent égale au ‘ 
produit de rs par la larzeur op, périmètre d’une section perpendiculaire à l’axe ou au 
côté du solide. 


Îl ost utile de dire aussi quo si l’onglet de cylindre droit dent la fig. g est l’enveloppe, 
au lieu d’être partiel comme KLNE ou KLRF page 409, est entier ou complet comme 
ADd, p'ge 388 G, on aura ln superficie de g en faisant le produit de op par la moitié de 
rs, car dans ce cas ne sera autre qu’une enveloppe £ de trono de cylindre dont la 
moindre hauteur vt serait égale à séro. En sjustant à la paroi latérale d’un onglet 
ou tronc de cylindre et de cône du tableau, une feuille de papier, pour ensuite le tracer 
ou découper à volonté, l'élève se fera une exrellente idée de la nature des surfaces 
devolnppées dont il est ici question, | 
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que dans les figures 9, h, m, k, puisque alors 
le segment bec qu’on néglige en considérant 
comme trapéze la partie BCceb de l'aire à 
évaluer, sera compensée par le segment adb 
qui est de trop dans le trapèze ABba. 


(71) Mais quand la figure sera toute 
convexe on ajoutera à la précision en faisant 
entrer en compte la somme des segments 
abd, bee, etc., dont on fixera à l’œil ou autre- 
ment la largeur moyenne que l’on multi- 
pliera par le périmètre correspondant adbec 
pour en avoir la surface. 


(72) Observons aussi que au lieu de regarder comme nulle la 
hauteur initiale de la figure, à l’endroit A de la naissance de la 
courbe, ce qui donnerait pour aire de la partie ABbdaA de la fig. le 
triangle ABb, on obtiendra plus d’exactitude en regardant conme 
ligne droite la partie presque verticale Aa de la courbe, ce qui don- 
nera alors pour surface plus approximative de cette partie compo- 
sante de la fig. le trapèze AabB au lieu du triangle AbB. 


Il est clair aussi qu’une subdivision continue Dd, Ee, et suffisante 
pour permettre de considérer comme étant sensiblement des lignes 
droites les parties ad, bd, be, etc., de la circonférence convexe ou 
concave de la fig. aura aussi l’effet d'ajouter singulièrement à l’exac- 
titude du résultat. 


(73) Il est encore un moyen assez cor- 
rect et expéditif d'arriver à la surface d’une 
figure irrégulière ABCD, celui de la réduire 
en une figure régulière ou rectiligne équi- 
valante quelconque par des lignes compen- 
satoires ab, bc, c'est-à-dire, telles que la 
somme des parties excluses par ces droites soit égale en surface à la 
somme des parties comprises dans leur enceinte, opération graphique 
* ou mécanique pour l'exactitude de laquelle on s'en rapportera sou - 
vent à une appréciation occulaire. 











(74) Enfin, pour ce qui est de l'évaluation des longueurs déve- 
loppées des périmètres des figures dont il s’agit ici, remarquons 
encore comme on l’a fait, page 596 G, que la manière souvent la plus 
expéditive et non la moins exacte d’y arriver, consistera dans l’em- 
ploi d’un fil ou ruban ou de tiges ou tringles en bois ou en métal 
assez minces pour permettre de les ajuster au périmètre à estimer, 
afin d’en déduire de suite les dimensions voulues. 





